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SECURITY CLA S S I F I C A TIO N  OF T H IS PA GE(WAw D.t. Snt.’.d)

~ slow relative to voice and graphical menu for entry of words by inexperienced
subjects in the complex scenario. Voice entry provided the lowest error rate
for entry of alphanumeric data strings in the simple scenario primarily be-
cause of its greater ismsunity to reading errors. In the complex scenario ,
voice was faster than keyboard for inexperienced subjects, and had a similar
operational error rate , but had a substantially higher error rate before
correction. Graphical menu ranked between keyboard and voice in most of the
simple scenario measures, except that it was least accurate with alphanumeric
data, and had the lowest entry speed for long strings .~,.In the complex
scenario , the performance of graphical menu d i f f e r ed  s1~gni f icant ly  from that
of voice primarily by virtue of its lower error rate befc~.re correction. Over-
all , most of the errors with voice input involved misrecogisition while those
with keyboard and graphical menu involved misreading. Voice response feed-
back was too slow to be of value in the simple scenario, but voice response
prompting significantly reduced reading errors in the complex scenario. Hand
occupation, of substantial duration, gave voice input a relative speed
advantage over keyboard and graphical menu , but increased entry time and errors
for all three devices.
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EVALUATION

This study was done to evaluate various data entry processes. Experiments

were run to evaluate voice data entry, key board entry, and Craf  Pen en try for

entry time and the error rates involved. By providing a statistical basis

of actual human factor experiments , the future design of data entry systems

can incorporate the results of this report to improve the overall data entry

process.

ROBERT A. CURTIS , Captain , [SAF
Project Engineer
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SECTION I

INTRODUCTION

A. Objectives

The objective of this program has been to perform an analysis and an
experimental evaluation of human factors and other problems associated with
several methods of inputting data into an information data handling system .
The input modes to be studied were to include voice and several other alter-
natives. Measurements were to be made of efficiency and accuracy, and an
assessment was to be made of the devices ’ applicabilities to future man-
machine interfaces.

B. Background

The electronic data processing (EDP) community has , in recent years ,
greatly expanded its overall capabilities. Today ’s EDP machines are faster ,
more reliable , cheaper and easier to maintain. Intelli gence Data Handling
Systems (IDHS) have also been significantly improved , primarily with respect
to the handling of data once- it ~s in the computer. For example , 101-iS can
correct spelling errors, add and subtract words , change paragraph positions ,
etc. However , little if any attention has been paid to the problem of cap-
turing the data at its source. In fact , one of the major limitation s of
IDHS systems is in getting information into the computer. Recently, automat-
ic speech recognition (ASR) systems have shown the potential of becoming use-
ful means of data entry and control. In fact , several limited vocabulary ,
discrete word recognition systems are already being marketed . Other recog-
nition devices with different capabilities are now being developed and should
also be available in the near future. These devices , although not natura l
language systems, may provide necessary data entry solutions for a large set
of problems.

In order to apply voice or any other data entry device effectively it is
necessary to ohtai. rc’~ iable experimental measures of the advantages , l imita-
t ions , and the basic operating characteristics of the device. Voice , as an
inpu t mode , ~s so ~ew that there have been few , if any , carefully controlled
experiments to assess its capabilities.

C~ rr~ nt successful voice data entry systems provid e limited vocahul~ rv ,
.~peo~&r dependent , I so I : t e d  word r eL -e~~n i t i o n . Wit .~ hi ghly experi-
enced operators , these systems are capable of achieving error rates of l~
or iess for relativel y large vocabularies . With inexperienced speakers the
error rates may initially he as hi gh as 3 or 49~, but this performance level
is still useful and impressive . ~iese voice input systems are currentlyoperational in a large number of commercial and Government applications.
Many of these applications involve data entry by personnel whose hands are 
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occupied by other tusks. Other eu its have uven sold to provide environ-
mental contro l and mobilit y for disabled individuals who have no use of their
hands or legs. These applic ations for voiCe input are very effective since
voice is really the only data entry alternative that can match the efficiency
of manual data input without requiring use of the hands .

the question is , however , can a speech recognition system , which recog-
ni:es a lim i ted vocabulary of isolated words and which makes recognition
errors , compete with more conventional data e n t r y  sys tems i n  r e a l i s t i c  prob-
lem settings in which hand occupation is not so complete as to eliminate
manua l data entry from consideration .

If hand occupation is not a dominant factor then speech input still has
severa l advantages. Ochsman and Chapanis 1 have demonstrated that natural
language voice communications are superior to non-voice communication modes
for cooperative problem solving by humans. It is also clear that most humans
are capable of speaking at data rates that c~ ceed the transcript ion speeds of
a l l  but the most highly skilled stenographers. Voice , furthermore , ovidee
eyes-free data entry without requiring extensive training as in the ease of ,
for example , touch typing.

One good example of a successfu l commercial applicat i on for voice input
which neither relies on hand occupation , nor is a hig h vo lume da ta inpu t
situation , is in voice programming of numerically controlled machine tools
(VNC). In this application the operator must use his eyes and his mind cx-
tensively while entering data. The success of the system depends primarily
on the computer program which converts the voice-entered dimensional data
into a program for controlling the machine tool. Voice input augments this
success , however , by providing freedom of the eyes and mind and a degree of
naturalness that greatly enhances the effectiveness of the man-machine inter-
face.

C. Summary o Work Accomplished

The experiments described in this report have been desi gned to provide
more information about the inner workings of data entry systems employing
voice , keyboard , and a graphic ;ti menu entry device. There are a number of
factors which affect performance in such a system , in addition to the entry
device itself. Some of the principal factors are:

1. Problem Setting
2. Data type
3. Prompting structure
4. Feedback mode
5. Degree of hand occupation
6. Operator experience

1
Uchsman , R.B. and Chapanis , A., “The E ffects of 10 Communication Modes on
th e [~chavior of Teams During Cooperative Problem-Solving, ’ m t .  J .
Man-Machine Studies , Vol. 6, 1974 , pp. 579-619.
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Because of time liniiat iuns tad because of the preliminary nature of
these tests we have not included extensive training or fatigue as factors in
the exper iments . As a result , the expe riments  reflect performance levels and
problems that would be enceuintercd l-.

~ relat i vely infrequent users of dat a
en t ry s~-stems . The resultan t ent ry  speeds and error rates do not reflect
levels attainable by hi gh ly  s k i l l e d  operators . This  nay seem like an unfor-
tunate choice from the point of view of high volume applications but in
practice there are probably more potential data entry applicat i ons of this
variety than  of the high vulum e var iet y . In ad d i t i o n , t he u l t i m a t e  success
of voice input w i il p robably ~e greatest in such applicat ions simply because
it is potent rally the most natural way for inexperienced users to communicate
ef f i c i e n ij y  w i t h  computers .

‘i w o  dat a en t ry  experiae ats were performed.  In both experiments , compar-
i sons were made of speed and accuracy for voice , keyboard and Graf Pen entry
devices. Both experiments included tests with and without voice response
f eedback , and wi th  and wi thout  hand occupation . The first experiment , which
w~ c a l l  the High Speed D ata En try (HSDE) test , is a measure of entry perform-
ance in copying s ingle  s t r ings  of numeric and a lphanumeri c da ta .  The second
experiment , wh ich we ca l l  t he Hi gh Complexity Dat a Entry (II CDE ) test , is a
measure of performance in enter ing  s imulated f l i gh t  data control messages.
In th is  experiment , t he subject ’s ability to interpret an English language
statement and convert i t  to a s e ri e s  of data entry f ie lds  had as much effect
upon performance as did the raw speed of ti le data entry system.

Section I I  of this report dc-scribes both experiments in full. Section III
presents the analysis of the experimental data. Section IV provides a summary
ard discussion of the experimental results.

Hopeful ly the data w h i c h  has been obtained by running these experiments
w i l l  OC useful in guiding the desi gn of a wide range of data entry systems .
It must- he kept  in mind , howe ver , th at the results reported here are rel ative
t a  very sp e c i f i c  equip m ent  conf i gurat i ons . In some cases , the experimental
setups do not reflect optimum usage of the entry devices. Vo ice input , for
e~.amp1e , was used somewhat suboptimall y because it was not trained with as
many ropet it ~un~- as wauld be used W i  in professional users , nor was the opera-
t a r t ra~nia~ A t s e i r  an y w r ere near  as extensive , because of t ime l i m i t a t i o n s
~acfl runn i ng ,  the  t e s t a .  a a d d i t i on , a f t e r  running the tes ts , it was dis-
co ve red t h a t  ~ late iru pT p r i o r i t y  error had been adding unnecessary v a r i ab l e
delay s oi up ta 100 a~ l1i seco nds to the voice input response time . These
de la ys d i r e c t l y reduced voice  entry  t ime and i n d i r e c t l y  a f fec ted  voice entry
accuracy and t i m e  by m a k i a ~, it d i f f i c u l t  for the subjects to establish a con-
sistent entry rhythm. The graphical input device , as a no ther  example , could
ha’,e provided a higher leve l of performance than it did if it had been con-
f i  ~urcu as l i ght pen.  ~iie h confi gurat i on w a s  not feasible , ~~oi,ever , w i t h i n
tr.e limitat ions of the test u~~ gct . F i n a l l y ,  the voice responee unit used
for feedback woetlu have per fo rmed  more favorahiy if it had had a f a s t e r  speak-
e g  rate arid a larger vocabular y .

In Sp ite of I h a c  prot-~~ n.~ c i  great dccii of , soinet ime~ -c urpri sin g, i n t o r —
c i t  ion has e ven ohio nod wh i ch should eneral ~c to other situat ions and
wh i ch should help to guide future reaearch.

I -



Section II

DESCRIPTI ON OF TE STS

A. Selection of Data Entry Variables to be Tested

Th e data entry tests which have been run were selected from a very l arge
set of possibilities. In th i s  sec tion , we will discuss some of the dimensions
of the data entry problem and wi l l  indi cate why the part i cular test configu-
rations were chosen.

1. Data Entry Scenarios

Two separate data entry tests were performed. The fi rs t was a test
of a relatively simple data copying task such as sorting, program keying, or
general bulk dat a entry , for which the problem is to find the mos t e f f i c i e n t
way to enter large quantities of data. The second test was a simulation of
a complex , highly structured task such as flight traffic data entry or pro-
granuning of numerically controlled machine tools. In this kind of system ,
the problem is to maximize the convenience and the comprehensibility of the
system so as to ensure accuracy and to support the user’s thought processes .

A data copying system is usually characterized by a relatively
simple control program with a f ixed dat a entry vocabul ary . Such c-~>.,temsrequire li tt le or no prompting but must have very rap id f eedback and an effi-
cient error correction mechanism. A complex data entry system , on the other
hand , usual ly  has a sequential hierarchical structure with different  data
entry vocabul aries at each stage of the hierarchy . Prompting is critical in
such systems , par t icular ly  for inexperienced users . There is a tradeoff ,
however , between prompting verbosity and entry speed. Inexperienced users
requi re more detailed prompts. Gains and Facey 1 recommend that the user be
kiven a simple method for selecting the degree of verbosity of the prompts.
P rompting in th is  kind of system also provides a feedback ftmction for entries
which contro l branching. If the prompt is received for the branch which he
selected , the user knows that the system properly interpreted his request.

In the si~~p le  data copying experiment , we ha ve si mu lated a system
which is typi cal of the  s tat e - o f - t h e - a r t  for such data entry confi gurations .
In the complex d a t a  ent ry exper iment , the system which  was s imulated was not
optimi zed for  ease of use and fe l l  far short of the human fa9ors stan dards
recommended for such systems h y Gaines and Facey 1 and Kennedy . The system

Gai n es , B . R .  and Facey , P .V . , “Some Experience in Interactive Systems Deve l-
opment and Applicat ion ” , P roc. iTLN . I. ’ o~~. oS , l-~o. 6 , pp ~94-9l l . June 19 75 .

Kennedy , T.C.S., “The Desi gn of Interact i ve Procedures for Man-Machine
Comm unicat i on” , m t .  .J. Man-Machine  Studies , Vol .  ~~, pp 309-334 , 1974.  
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was , in fact , set up as if it we re to be used by re l atively experienced
subjects. The reason for this was primari ly that limitations on the voice
response unit vocabulary did not al l ow for a sophisticated prompting struc-
ture that was capable of automatically providing most of the users ’ training.
Therefore, the tests were limited to comparing speed and accuracy of the
entry devices and in comparing helpfulness  of the prompting media after some
degre e of user t ra in ing had been administered.

2. Size and Type of Vocabulary

Let us now consider how size and type of vocabulary can be expected
to affect the dat a entry system performance for entry of individua l fields .
Entry of multiple fields does not change the effe cts of size and type of vo-
cabulary except for menu oriented entry systems , which may become impractical
because of the requirement for changing menus.

A large vocabulary (greater than 100 items) general l y implies a vo-
cabulary of words . Keyboard is a clear choice for such vocabularies because
the words can be spelled either entirely or partially . Menu data entry is
not advantageous in this case because of the excessive time required to scan
such a large menu. Voice data entry would be ideal for large vocabularies of
words i f  i ts speed and accuracy were suitab ly high , since an operator with no
special skills could enter the equivalent of numerous keystrokes in a single
utterance.

Medium size vocabularies ~greater than 30 but fewer than 100 items )
generally fall into two type categories , words or alphanumerics. Entry of a
medium sized vocabulary of words can often be accomplished very effectively
by voice or menu systems . The vocabulary size does not exceed the practical
limitations of commercial voice data entry , nor does it result in a particu-
larly impractical size of menu , except possibly near the upper limits of this
vocabulary size range. Keyboard also can do a good job in this size range,
but it has the disadvantage of requiring multiple keystrokes. The use of
abbreviations can reduce the number of keystrokes to no greater than two per
entry, but memorization of abbreviations increases the training requirements.

IF the medi .u sized vocabulary is explicitly limited to alphanumerics
either Sifl~~iy or as coJ~ strings , then keyboard no longer requires mult ip le
keystrokes per entry . ~ic~nci data entry then has a disadvantage as compared to
keyboard since , u~ best , it lets the operator proceed like a “one-fingered”
typist. Voice dut.a entry also has the disadvantage of requiring use of some
form of phonetic alphabet . Some experience is required before an operator
can memorize and master the use of a phonetic alphabet .

Small  vocabularies ( fewer than 30 words) can take the form of words ,
alphanumerics , or numerics. In this size range , vocabul aries of words can be
recognized very accurate ly  by voice and the menu size is quite manageable for
menu oriented systems . Keyboard still has the disadvantage of requiring
m u l t i p l e  keyst rokes  or memor iza t ion  of abb reviations .

Small vocabularies of strictly alphanumeric data once again tend to
favor keyboard input . Menu input still has the disadvantage of being like

-- ~~~~~~~~~~~~~~~~~~~~~~~ —~
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one-fingered typing , hut this is compensated to some extent by the fac t that
unlike a standard keyboard , the menu can be reduced in size and tailored ex-
act ly  to match the vocabulary.  Voice input again has the disadvant age of
requiring use of a phonetic alphabet .

Nume r ic-only vocabularies can be processed very rapidly by special
numeric keypads or by the numeric row of keys on a standard te le typewri ter .
It is possible to learn to touch-type such numeric keyboards with relatively
little training. Furthermore , such keyboards can be used one-handed in appli-
cat iOflS requiring use of the other hand. Menu data entry by contrast cannot
compare to keyboard because of its “one-fingered” nature . Voice entry , like-
wise , cannot compete with the speed of a numeric keyboard unless entire data
strings can be entered by continuous speech . Continuous speech recognition
systems are being developed , but they tend to be very costly and general ly
provide poor recognition accuracy compared to isolated word recognition sys-
tems .

From this set of possibilities for size and type of vocabulary, we
have chosen to test small numeric and smal l alphanumeric vocabularies in the
high speed data entry test , and small vocabularies of words , alphanumerics ,
and numerics sequentially selected from an overall medium sized vocabulary
in the high complexity data entry test. As far as the subjects were concerned ,
the vocabulary in the high complexity test was a medium sized vocabulary of
words and alphanumerics . The menu was medium sized and keyboard entry of words
requi red two keystrokes.

3. Length of Data Fields

Length of data fields is a parameter which is applicable to alphanu-
merically coded fields or strictly numeric fields , If each field must be
verified by a word such as “ENTER” or a carriage return , then short fields
require more verification time per character than do long fields . On the
other hand , time for entry of long fields is increased by the requirement
that the operator mentally break the fields into smaller more easily memorized
segments, which are then entered separately. By making field length a van -
able in the high speed data ent ry experiment , we have attempted to determine
which of t~.ose two effects is dominant.

4. Han d and Eye Occupation

Occupation of the hands by some external task is a factor which
strongly favors voice input . In the experimental design s, we have tried to
provide a measure of the effect of hand occupation on data entry performance
for some very specifi c hand occupation tasks. We have only considered situ-
a t ions  in which both hands are occupied. For numeric-only data entry with
keyboard , occupation of only one hand would be expected to have less effect
than occupat i on of both hands . Likewise , occupation of one hand could have
a reduced e f f ec t  on en try  by menu entry devices since these typically require
use of only one hand.

Occupation of eyes favors voice or touch typing as input modes , but
was omitted as a variable in the experiments because very little data entry
is done completely from touch , soun d , or memo ry wi thout  any visual inpu t from
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notes , diagrams , l is ts  or f lowchar t s .  Consequently, all tests were performe d
V with a requi rement to use the eyes to read the dat a to be entered.

5. Feedback and Prompt ing

In the high speed data entry scenario , prompting is not a requirement,
but feedback is important.  There fore , we provide d a comparison of visual and
voice response feedback in the HSDE tests .  Visual feedback was presented on
a CRT since that is the way it normally would be presented for keyboard entry
and since that enabled problem presentation (from a Burroughs Self-Scan
Display) and feedback to be widely separated from each other in physical
location .

Voice response feedback was never provided in lieu of visual feedback,
but was only used to augment visual feedback. There are two reasons for this.
One was that visual feedback would almost always be present with keyboard in-
put anyway , and the second was that voice response feedback does not have the
retention qualities required for correction of long character strings or re-
covery from lapses in the user’s attention .

Voice response feedback could have been provided e i ther  a f te r  each
character or at the end o~ complete data strings . We chose the former because
it seemed preferable for correction of character errors as they were made and
because we believed it would be faster. In retrospec t , we believe that there
woul d be value in performing i~urther tests involving rapid voice responsefeedback at the end of each s t r ing .

In the high complexity dat a entry tests , feedback per se was always
provided via the CRT. Voice response was used only to augment the identical
prompting messages that  were simultaneously provided on the CRT. Voice re-
sponse was not used by itself because it had no retention capability . Once
issued , prompts could not be reissued (except perhaps by provision of a
special repeat-promp t command) .

B. The I-Ugh Speed Data Entry Tests

The Hi gh Speed D ata  I~ntry (IISDE I tes ts  were comparison s of speed and
accuracy 10r en te r in~ st r i n d s  of randomly selected numbers and let ters wh i ch
were presented on - i  lb ea.a ract er  wide , one centimeter hi gh Burroughs Self-
Scan Display . The vari ,iales of the experiment were the entry mode (device),
the type of data characters  (numeric  and/or a lphabet ic) , the length of the
data st r in ~ s , the presence or absence of an external  hand occupation task ,
the type of feedback , and the test repetition number (trial). The subjects
were randomly selected from a pool of subjects  wi th  a wide range of experi-
ience levels with the devices tested. The amount of pre-test training was
limited , so that for these particul ar tests all subjects could be considered
novices.

1. Exper imenta l  Desi gn

The high speed data entry tc~ ts employed a factorial design to in-
vestigate all combination s of the basic factors (variables).

_
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A factorial design is argued by Fisher 1 to have the following advan-
tages over testing each factor individually :

a. Greater efficiency - each individual factor is evaluated with as
much precision as if the entire experiment were devoted to that factor alone;

b. Greater Comprehensiveness - in addition to the effects  of s ingle
factors , a l l  their  possible combinat ions are evaluated;

c. Wide r inductive basis for drawing conclusions , since variables
are not treated in isolat ion .

The factors investigated , the number of levels per factor and the
descriptions of the levels are given in Table 1.

— TABLE 1

HSDE FACTORS

FACTOR NAME NUMBER OF LEVELS DESCRIPTION OP LEVELS

(a) Entry Mode 3 Voice , Keyboard , Graf Pen

(b) Data Alphabet 2 Numeric Only,  Alphanumeric

(c) Data Length 2 3 Characters , 10 Characters

(d) Hand Occupation 2 Pushbutton Requi red , Not
Required

(e) Feedback 2 Visual and Voice Response ,
Visual Only

(f)  i r ia l  3 Trial  1, Trial 2 , Trial  3

This factorial design involved 48 subjects and 144 tests , since the
experiment was run without replication .

In this set of experiments , systematic bias due to individual subject
variations and order of presentation of tests was eliminated by randomizing
both factors . It would have been pre ferable to group subject s according to
abilit y levels and to introduce that class i fication as an additional factor
in the experiments , but there were not enoug h subjects  avai l able w i t h  known
experience levels to make that feasible in this test.

R.A . Fisher , “The Des ign of Experiments ” , pp 95-108 , Ilafner , ~‘4ew York , 1~ 7I .
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The s t a t i s t i c a l  a n a l y s i s  of these tests  involved comparisons of all
the main factors and of intera ctions between factors for the following mea-
surements:

a. Average Time Per  Correct Cnaracter

b. Percent Wrong Characters Before Correct i on

c. Percent Wrong Charactefs Afte C o r re c t i o n

d. Percent Wrong Character Strings After Correction

2. Hardware Configuration

The test set-up is diagrammed in figure 1. The test system was con-
tro~ led by a Data General Nova 800 computer which was part of the VIP-lOO
voice recognition system. Test data WOs displayed on a Burroughs 16 Char-
acter Self Scan. Data entry was performed via the V I P - l O O  voice input system ,
the Science Accessories Corporat ion Graf Pen , or a Lear Siegler ADM- 3A CRT
keyboa rd.  I mmed i a te  feedback of the entered data was di splayed on the CRT

V for all three dat a entry modes. Feedback messages were also provided in
parallel by a Speech Techn ology ~~rpc r :it ion voice  response unit for those
tests requiring voice feedback . .\ Tcletyp e was used for controlling the ex-
periments , producing a hard cop c of the test data and the subjects ’ responses ,
and printing time and error rate statistics at the end of each test. A set
of pushbuttons separated by 14 nches was provided to force the subject to
use both hands s imu l t aneous ly  t u  ~ n t a i n  a new s t r in g  of characters on the
prompting display .

a. The VIP- 100 \ o  ice kecc~ ni t ion System

The VIP-IOU voice recognition system is an isolated word recog-
nition system wh ich is normall y t r a i n e d  to recognize a specific vocabulary
spoken by a particular person . in the llSi)E tests , the vocabulary , which is
its ~ eu in T a b l e  2 , cons is ted  ef n un be rs , code ~or ds represent ing  l e t t e r s  and
se :e rsl  cuOtro l words . n these t es t s , f iv e  repetitions were used to train
CrICO wurd , aiiu if r eci t~r i n~~ iecogn it on errors were  encountered during the
tests , p art ~~~~~~~~~ ~~- r ~1s were rctr;i eie~i w ith five new repetitions. Somewhat
better reco~ cit ~on e.~ i t s .suuid ive been obtained by using 10 t r a in ing
repetition s per ..‘.i ’ -i as i -~ i~~’in.tl iy clone with the VIP— 100 system . Five repe-
~~it  ions were U S C u , su~ e-~~r . to seep the overall subject preparat i on effort
fu r  voice inpu t  at  a lcve i m n i ~~~~at c  w i t h  the other  input  system .

Once t r a i n e d , the Vli’ ~ lb~i sys t em responds to the  spoken voice
much is a keyboard respond s to dep res sin g of keys. The prima ry difference is
tt -iat the V IP— 100 system does sc~~ - t imes make errors in recognition. It also
sUiTR’t imes cannot clas s fy u sound  Vi5 relongi ng to the expected se t of words .
i that case , it provides re~ ~ V C ~~ i ulicat ion by f l a s h i n g  a red light and by

providing any other m d i  cat 1 on dc I r~ uflder software control. Finally, it
has inherent entry speed 1 m u  t u t  ions Joe to rcqui rement to  leave at least
I dl) m i l l i s e c o n d s  of s I encc bet u~eca s uccess ie be ; ng entered , and in
t h is test confi guration , inadvertent 1~- had unnecessary additional delays of
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up to 100 millisec onds due t o  e~~r ors  in  the  pr o r i t y  in te r rupt s t ruc tu re .

T~AB L i : 2

U SDE RECOGN IT ION VOCAB U LARY

VOl CE li.\IRY ANII)
NUMBE R ‘I ii CHARACTE R FEEDBAC K WORD

0 0 ZERO

I I ONE

2 2 TWO

3 3 THREE

4 4 FOUR

5 5 FI VE

6 6 S I X

7 7 SEVEN

8 EIGHT

9 - - 4 N I N E

10 -
~ lB 0

I I  S F i l - T - R U B  DELETE

12 CR ENT E R

1 3 A ADDRESS

14 B BLOCK

is CODE

I) DATA

F END

I I D E N T I F I C A T I O N

19 1 , LOCATION

M MESSAGE

21 N

22 R READ Y

2 3  S SYMBOL

2-1 ‘V

25 Ii

-
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-
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For more technical details on the VIP-lOO system , see Append ix B.

b. The Graf Pen

The Science Accessories Corporation Graf Pen is a graphical input
device which converts arrival time s of sonic pulses into distance measurements.
The pulses are generated by a hand held spark generator (stylus ) and detected
by a pair  of microphones mounted at the edges of the working digitization
sur face . I n these tests , the Graf Pen was interfaced with the Data Genera l
computer and a program was written to provide data entry from a fixed data
“menu”. Grid coordinates were converted to menu selections by means of a
simple table-look-up . Point sensor microphones were used in the tests be-
cause of mechanical problems with the available line sensor microphones , and
this required the use of large radius circular boundaries for the menu grid
coordinates instead of rectangular coordinates . Initial alignment of the menu
grid pattern and the Graf Pen microphones was accomplished by means of an
interactive alignment and calibration program . V

Data entry via the Graf Pen required that the subject locate the
desired block on the menu grid pattern and then press the stylus tip down
somewhere within the block . There is one anomaly with the Graf Pen . The
stylus tip Is offset by about 3/32 of an inch with respect to the spark gap ,.
so that it was possible to press the stylus down on the correct block , but
obtain the coordinates for a neighboring block . The subjects were told of
this problem and were requested to keep the stylus center and hence, the spark
gap within the desired block . Nevertheless , there were occasional errors and
syntactical rejects which resulted from missing the correct block because of
the offset .

For further technical details on the Graf Pen , see Appendix C.

c. The LSI-ADM- 3A CRT Terminal

The Lear sieg ler ADM- 3A is a single unit keyboard and CR1’ termi-
nal . The keyboard is designed to teletypewriter layout. The display was set
up for ti~enty-four 8O--ch -& r~cter lines on a 12 inch screen . Data entry was
from the bu t ton  of the screen w i t h  upward page scrol l .

d. ihe Speech Te chnology Corporation M-2 00 Voice Response Unit

The STC M-200 is a fixed vocabulary voice response unit which
sounds fairly natural because it provides (highly compressed) reproduction of
actual hum an speech . The VRU is essentially a synthesizer for a formant
t racking vocoder. The vocoder analysis is performed off line (at SIC) to
provide dig itization and compression to about 600 bits per second. The di gital
words are stored in ROM in the M-200 unit . Vocabulary for the M—200 is cus-
tom orde red from STC who burns it into ROM . Words can he se lec ted  fr om a
re:uV ~onab1y la rge and growing vocahuIary list for virt ually no charge or they
can be recorded and di git utcu to oru~ r for $150 per second of speech .

The VRU was in te r faced  to the  Nova- SOO computer and programs were
written to select particular words or sequences of words comprising messages .

12
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The VRU word list is given in Table 3. he VRU performed flawlessly, but as
w i l l  be discussed later , both its lImited vocabulary and its relatively lei-
su rely speaking rat e adverse i v  a f f e c t e d  ~ts performance in the data entry
t e s t s .  For more t echn ica l  d e t a i i s  on the STC voice response uni t , see
Appendix D.

TABLE 3

VOiCE RES P ON SE U N I F  VOCABULARY

1. NA~IIi 21.  FIV E

2. IDENTIFICAT ION 22. SIX

3. ADDRESS 23. SEVE N
4. LOCAT I ON 2 4 .  EIGHT
5. T iME 25. NINE

6. E N V I E R  26. ERROR

T’IPE 27 . DELETE
8. Or 28. BACKSPAC E

9. MESSAGE 29.  RE:~DY V

10. UNIT 30. RELEASE

11. NUMBER 31. NC~
12. PATA 32. C}E~\NE1, -

13. CODE 33. IN

14. DEVICE 34. OUT
15. BLOCK 35. S VMBOIV

16. :ERo 30. ST ARE
F’ . 1V\ .  37~
1’ - . - ~d 35. L i N E

9. T IRI i- 29 . LNI)

kfl lk

3. The lest Program

The h igh  speed da t a  ent i- test program generated random string s of
dig its or mixtures of di ct its and al ph abe ti c charac ter s e i t h e r  in response to
t he hand occup at i on p u s h b u t t o n s  or automatically U~~Ofl complet ion of  each data
( - u t  rv t r i a l .  Elapsed t i mc’ was el - u r ed  by  the  program u s i n g  the  computer ’ s
real-time clock , and , at tiuc end of a seqorncc of tests , average entry rates
and erro r rates were computed and displ uyed . ihe progr am was set up so that
dot a ent ry npu t could  he Se 1 o c t  -J  t o  lw t rem ye cc , keyboard or Graf Pen.

13 V
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Test data displayed to the subject was alway s via Burroughs Self-Scan , but
recognition feedback was presented either by CRT , or by CRT and Voice Response
Unit simultaneously.

a. Recognition Vocabulary and Graf Pen Menu Layout

In the voice mode, there were two different recognition vocabu-
laries :

1) The di gits 0-9
2) The digits 0-9 and the set of 13 words listed

in Table 2 as entries 13 through 25.

In addition , the words “BACKSPACE” , “DE LETE ” , and “ENTER” were V

re cogn ized at the appropriate time to produce erasure of the last word en-
tered , deletion of the entire entry , and entry of the complete s tr ing of
words , respectively.

The choice of alphabetic characters and corresponding voice en-
try and feedback words was dictated by the vocabulary available in the voice
response unit. That vocabulary was limited and was chosen primarily for the
high complexity data entry tests. One disadvantage of voice entry of alpha-
betic characters is that the person doing the entering must memorize a pho-
netic alphabet ; direct entry of the letters does not work as well. In these
tests , the particular phonetic alphabet was dictated by the voice response
u n i t .  In the keyboard and Graf Pen modes , the vocabul aries were exactly the
same as for voice except that only the first letters of the alphabet words
were entered. Graf Pen entries were selected from a menu like that shown in
Figure 2.

b. Length of Data Strings

The number of characters in a string was a variable that could
be set at the beginning of each test . The numbers 3 and 10 were used in the
tests.

c. Hand Occupation

h and occup ation was selected as an option at the beginning of
each test . Hand occupation was implemented by requi ring that  the subject
simultaneously push two buttons separated by 14 inches in order to generate
each new test dat a string. In the high speed data entry tests , only an in-
stantaneous push was required , so that the hands were usually occupied for
less than a second per data string.

d. Timing and Number of Samples Selec tion

A counter was provided to control the number of samples to he
presented in each test. The numbe r to be presented was selected at the be-
ginning of each test. Ten samples were used in the 10 character tests , and
twenty- fi ve samples were used in the 3 character  tes ts .  Ouc dat a generation
and timing programs were started in response to the control prompt ‘ HIT CR
TO START” .

14
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The test data generat ion and t iming stopped automatically when
the specified number of data strings was presented and entered.

Three timing components were measured:

1) Actual data entry time , i.e. , accumu la t ion of a l l  t imes
between completions of prompts and completion of data entry.

2) Lost time , i.e., time required for generat ion of test data
strings.

3) Time for re tra in ing , if retraining was required in the
middle of the test.

e. Measurement Syste m

During the tests , a hardcopy record was generated of the test
data (the prompt) and of the subject ’s character-by-character entries , in-
cluding backspaces , deletions , and system rejects. In addition , a battery of
counters were operating so that at the end of each test extensive performance
statistics could be computed . These statistics were then printed on the off-
line Teletype and displayed to the subject on the CRT. The statistics that
were measured are the fol lowing :

Encoding (Operational) Time In Minutes
Training Time In Minutes
Lost Time
Number Of Utte ran ces
Number Of Rejects
Number Of Erasures
Number Of Backspaces
Number Of Total Character Strings
Number of Correct Character Strings
Percent Of Correct Character Strings

V 
. Average Time Per Utterance
Minimum Time Per Character String
Average Time Per Character String
Time Per Correct Character String
Total Wrong Characters Before Corrections
Percent Wrong Characters Before Corrections

ora l Correct Characters
Percent Of Correct Characters
Percent Correct Characters (Per Utterance)
Average Time Per Correct Character
Variance of Encode Time For Character Strings
Std. Deviation Of Encode Time For Character Strings

4. Subjc:t Selection

All of the subjects were employees or family members of employees of
Threshold Technology Inc. (TTI), except for one subject , who was a customer , an-
other who was a supplier and a third who was a consultant for a customer work-

lb
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ng at ‘fli . ihe order 02 ~ e r fe n m  ~~ ic t o  -
~ t s ~ - so c - c t  ci at  random and the

subjects were selected alp habeti cal ly w~ t1. ;a~~erous dev iat i ons from alphabet-
ical orde r dictated by av a t l i d i l i t v . Oenc raL ly, howevc- r , the assignment of
subjec ts to test condition s was riinao ;ni :ea.

This random as s ig nment resu l ted  in a d i s t r i b u t~ or of subjects  among
the -three entry modes as shown in Tal)le 4 .

TV\E JVE 4

Ii uRl ~ Nu I 3L u-L.IBUT1 UN OF a1Ja, i bJH IN i I S L J L  TES ES

:ff ~~J ~lF ’PlX
\PE R 1LNC E : h e  -~~ - T h  t i  L di I ,  d E l -  EXPERT

-- -=1
7~ 7 . 0

:KLYBOAR D 1 1 12 2

CRA F PEN 12 4 0

‘
—V I_________

In this table , expert l e a a s  a person who h~u~ p e er professionally em-
ployed to enter dat a by that p a r t i u t a r  device. i n c  two expert typis ts  were
members of the secretarial stu -f ef dli. hh i g i -ul y experienced me ans a person
who has spent many hours c n t e r 1~~ data by the devic e. The two highly exper-
ienced voice operators arc enginee rs ~t i i i  who i l n e  surkod with voice input
many hours . The twelve high ly e x p e r i e nc e d  keyboard operators are either
computer programmers or fai r non-touch typ i s t s .  it t 1~ experience mean s a
person who has used the -levi cc for a tot al of no mo~-o ruan one or two hours .
No experience means a person who has not use u the a ec i c e  at all prior to
these tests.

Fi - oln  t h i s  hr eak c awn  it is ciea r a t  ~ hoard  was given a distinct
:a ~ i c [ i n r a ~~~- in These t i s tS  by vi rt ~

- . r u d  p r i o r  e x p e r i e n c e  of t he  keyboard sul —
jects. \i~~ cc eat rv hau iee e fewe r e x p ~- r u e I u c c u  epL - r a t o r s  and a l l  o f the dci i i
I~ et l  t e s t s  s- c rc  w i i  r~nec iC  operators  w r i t E  1 t t l  or no experience . W i i i  Ic
t h i s  s u bj e c t  u s t r i  -- ar  i on  i s  h i  :used t o w a r d  L L - v h o a r u  in  t erms of exper i ence

I S  ePa ) A V  an n - - i ; r j t e  ] ‘ e l i O C t  jon of the experience l e v e l s
of skilled w h ite c o l l a r  workers . ex ce i ’. for  the l a ct  that it has a higher Ir-
cidence of voic e data ent ry :eu~i draf Pen experience than  would he expected in
a ~~ re t y p i C a l  S U l ) l C C t  Cross Sec t  ion .

~F - ~ t s u bj e c t s  were used cup y wi th one test CL ld i tion . Four s ubj e c t s
cc uu. ed twice with di f f e rc -n t  r ir - l ioLk - s . One subject w a s  used w i t u  three

-~ t I e  ron~ inp ut moi : s  . here u I i  ~, l et seem to bc a l e a t  ~h ea l  of uZ cne r iu i i
in i~ in  this t c-st SO t l u . i  t r o n - r~g wa s not expec t ed  to  car ry  over f rom

ic r iput mode to  another  . N o i i c t  ic c- sn , u i u I  ti ple use of sub i oc t  w a s  avo ided
except nea r  t u e  end of t h e  t e s t s  when au ~u v i i  lab Ic s u b je c t s  had a l r e a d y  been
t e  0 , .  



5. Instruction s to Subjects

Each subject was fi rst told that t he purpose of the experiment was to
compare the  da ta entry speed and accuracy of three input devices ; voice , Graf
Pen and keyboard. lie was then told which device he woul d be working with and
was given a descript ion of how the test would be run. He was told what kind
of characters would appear on the Self-Scan , how many characters per string,
how many strings per test , and how many tests there would be and whether the
feedback would be by CRT or by CR1 and voice response.

lie wa s  then given a description of how to operate the entry device .
In the case of keyboard , all that was necessary was to indicate which keys
were used for correction of a sing le character , for deletion of the ent ire
entry and for final verification of the entered string. It was also necessary
to explain how to respond to rejects.

For Graf Pen op eration , the description included an explanation of
how the Graf Pen worked , i.e., by sonic pulses , etc. This led to the precau-
tion not to place anything between the stylus and the microphones and to the
precaution to keep the sty lus spark gap within the entry grid block . The
Graf Pen description also included an explanation of the backspace , delete ,
enter and reject control functions .

For voice input , the orientation procedure was much more complicated.
It was necessary to explain how to wear the head-mounted microphone, to set
the volume control to match the subject ’s speaking leve l, to explain how the
voice input system would be trained , to explain the use of the belt box micro-
phone switch and to give instructions for how to speak to the system . The
instructions included recommendations for pausing between each word , speaking
in a relatively short , clipped manner, and never stretching out a word that
was misrecognized to allow the VIP-100 to “hear” better.

Training required five repetition s of each word of the 26 word vocab-
ulary and usual ly did not tak e mo re than about four minutes.  In most cases ,
at least one word was immediately retrained , however , either because the sub-
ject had spoken an erroneous word during training or because he had lost
track of the training repetition count.

Use of the han d occupation pushbuttons was generally one of the last
things explained.

Finally, the subjects were instructed to strive for maximum possible
speed consistent with reasonable input accuracy .

Many further instructions were usually required during the first
test repe t i t ion . The subject  was t o l d  dur ing  the fi rst test  not to worry
about time , since i t  was g e n e r a l l y  t o  he used as a training run . As a result ,
t he  t i m i n g  da ta  from the  f i rs t t r i a l  s -as hi ghly erratic. The k i n d s  of pr o-
h i  ems w h i c h  we re u s ua l l y  encountc ; -cd l u r i n g  the  f i r s t t a l  were confus i on
about how to h a n d l e  r e j e c t s , incorrec t  use of the backspace arid d e l e t e  com-
mand , and , in the case  of voice , recognition problems both with the dat a and
with the correction commands .
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C. r u i g h  L u t t p l e x i t y  I L i t a  i~n t r ,; 1 e sr - .

The a~ 5h complex ity  b u t  a eu t r e  t c st ~ . wc’i ’e comparisons of speed and accu-
racy for entering siciel :ir -u f 1ii ~-t data contro l messages. The messages were
typed on a problem sheet ~n the t o r n  of E n g l i s h  sentences descr ibing the data
f ields  to he ente red. A l l  t i e  li s were u n d e r l i ne d  for clarity, and en t ry  of
the dat a f ie lds  was prompted by the data  ent ry  svn tern. En order to test
the efficiency of prompting, some confusion was l e f t  in  the p rob l em state-
ments iv :i~iking the order of presentat i on of some of the d a ta  f i e l d s  d i f f e r e n t
fro m the orde r in w h i c h  they were prompted.

the i X j ) e rI Lc’fltal liesi ~~~

th e exp eriment had a factorial design . The fact o’s , the n umber of
leveis per factor and the cb~~cri pt ions of the ~eve1s are giv en in Table 5.
~t i ~~s r i c t u r i  al de~;i~ n invo lved  t w e n t y - f o u r  subj ects and ~2 tes ts .  The t e s t s
were run ~ i t e u r repi i cat i on oTher  t h an  t k u c  three t r i a l s  t a r  a i~1ven ~-u hj e c t

TABLe 5

HCP}

FAC TOR SAME \L\ i t-a - i\  Oh l I V E 1 .5 ‘i sCRI  i i  I i - i \  (i l- I V F\ LLS

(a) Entry Mode .u dOju -e , Keyboard , Graf Pen

(b) Promptin 5 tiode 2 Visu a l and Voice Response ,
in I On l y

(c) Hand Occup ation 2 Pushbutton Required ,
Sot Require d

( I VI~ Subject Experience 2 ‘ o Experience , Some
Expe ci enoc-

(e) Ths t  r~eee t~~t u - -n :- Trial 1 , Trial 2 , ‘ I r i a l  3

The ent cv La dC scre ,i \ IP— l i i i ~ w i t h I ~ channel preprocessor , a Lear
Sic’ i ,I er OkI t crmLn ~~ . and a s o n i c  Gr a :  i e f l  used in the  fiat tah e. t menu mode .

u ’ r ompt ing  was p r r v  ice on the Ee~ui’ Siegler ORE in a l l  tests. i-or
voice and v i s ual p rompt ing ,  messages  irei ;i the Speech Technology Corpor- t ion
v a t  ce response u n i t  we re added. ide prompting messages were the same for
u n t n  d e v i c e s .

Hand occupation wan s a .  i ~itcd by a requi rement ti )r the subject
I u ( )  i ci down w O  pushbutton - - . ~~ I t  Lu c i u S ~y for’ ~ut al o f’ . S second s per i npu t
ar -s age . ‘ihe pushbutton requirement coui d he s;it is t i c i concurrently w th the
da t a entry process , so that for voice input , l i t t l e  or no additional time was
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required for hand occupation .

Several experience factors were considered in designing this experi-
ment . First was the subjects ’ experience with the entry device . We have ob-
served marked speed differences between subjects who know where the characters
are on a keyboard , and subjec ts who must perform a visual scan to find every
character.  Likewise , with voice entry , there has been a consistent (though
sometimes small) difference in performance between those who have had hours of
experience talking to speech recognition equipment and those who have never
entered data by voice . Therefore , for these tests , subjects were randomly
selected from one of two categories ; those wi th  zero experience using the en-
try  device , arid those with slight to moderate experience. By making exper-
ience a specif ic  fac tor  in the experimental  desi gn , its effect can be measured
and balanced out of the es t imate  of experimental  error. This not only pro-
vides a measure of the effect of experience , but also increases the precision
of the experiments for evaluating the other factors .

A second experience factor was sped f ic  to the high complexi ty  data
entry test itself. This was such a complicated data entry scenario to learn
that it was import ant not to use any subject for more than one test confi gu-
rat ion . The use of subjects more than once would have requi red an experimen-
tal design wh ich balanced the sequential (training) effects so that they would
not be con founded with the  other experimental factors. In future studies ,
such desi gns may he desirable since they make more efficient use of the avai l-
able subject population . For this test , however , there were enough subjects
to provide one subject per condition . T h i s  not only has simplified the ex-
perimental design and its associated statistical analysis , hut also has pro-
vided a wider subject base for generalization of the results than would have
been provided by fewer subjects running multiple tests.

Training within th~ tests was handled by giving the subjects a pre-
liminary short test for training purposes before running the actual test.
Then a measure of relatively short term training effects was obtained by hav-
i n g  each subject run three separate tests with the same data entry configur-
at ion .

.\ f i - al experience ~
‘actor in the experimental desi gn relates to the

experience of the individual administering the tests. Experience in conduct-
u n - ~ t t~e test c c u i i c O i - c  cab ly have h2ad an effect on the test results. An
at temp t was uaee to el inu nat e a systematic bias of this type by randomizing
the order of performiag the tests.

2. Hardware Conf igura t i on

The hardware configurat ion d i f fe red  from that  descr ibed in Section
li - R -2 for the high speed data entry tests only in the following two ways.

a. The Bur~~ugi~ s S I f—S can wan not used. Vi sual prompting and
v i s u a l  feedback were disp layed on the I.ear Seg ler A1)M- 3A CRT Termina l o n ly .

h .  The set of two pushbuttons h ad to he held down for a total of
3.5 seconds per message in  order to satisfy the hand occupat ion  requirement .

- -
~~~~~~~~~~~
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3. ‘Ihe les t Program

‘Ihe IICDF test preu:ran : was based ufl a program tha t  was w r i t t e n  to
evaluate voice ent ry for Firoute Elight data Control. In operat i on , the sys-
tern is sues p r ompt ing  messages and then w a i t s  i o r  ri g i d l y  fo rmat ted  messages
to be entere d in response.  ‘I he f i rst promp t issued is a w ; iys  “TY PE OF ME S-
SAGE?” . The first input expected by the system is one of the words specify-
ing the type of ue ssage such as A~~NI) o r H - \ \ R u F F .  R e c o g n i t i o n of an acceptable
input then produces a two character  code on tne cd spia v unit , such OS -\~1 ci’
tL- \  followed b~ a carriage return , l ine feed , and a new prompt. In most cases ,
the next promp t is “ENTER IDENTIFICAT ION NUMBER?” , and the next entry expected
is a three dig it f l i gh t id en t i f ~ cation number to identify the fligh t data file
to which the message app l ies .  i’he three dig i ts are entered and displayed one
by one and are followed by CR , LF and a new prompt . The next entry expected
by the system depends upon the kind of m e s s a g e  se lec ted  by the f i r s t  entry .
A~IIiND , for example , expects the nam e of a f l i ght p l a n data f i e l d  such as AI R-
CRAFT TYPE or LOCATION , followed by an e nt r y  or entr lc- u appropriate  to tha t
data field. At the  end of the message , the  ~ys tea  almost always desi gnates
the end by i ssu ing  the prompt “ E ND OF ~fl ;S-*-\OI ; ’~’ . If t h e  sub jec t  is  sat sf i e~
that  the da ta  has been properl y ente red , he resp onds with the word ENE This
te rminates the entry of that  message and causes the  prompt to lie i s sued  for
the next message . At any t ime d u r i n g  message en t ry , the  commands BACKSPACE
and E RASE can be used respect ive ly to delete  e i ther  the l ast word entered or
al l  entr ies  for the ent i re  mess age .

Data entry input coal -c selected t o  he frau voice , ke yboa rd , or
Graf Pen . The prompt in g  ucn ’-ages we re p resented  i-oth to the CRT and to the
voi ce response u n i t .  When no v o i c e  p r o m p t i n g  was r e qu i :’cd , the audio output
of the \‘RU was turned o f f .  The s y s t em  au tou~It i c a l l y generated message se-
quence numbers wh i ch corresponded to n umbers on the  problem l i s t s , and a hard-
copy record was made of a l l  e n t r i e s , backspaces , erasures , and system rejects.
Elapsed time was measure d by the computer ’s real- time clock.

4.  Diag ram of P rompts ar id Data ihutr y Syn t a x

h u  g~~ e 3 i s  a ciagram whi ch  i i  ~u I S t  r at e s  the prompts , t n t -  general
r e vug n  i t  ~un ‘- sahul auy and t h e  recognit ion syntax for the HCI)E test program.
I n  t h i s  d i : c r  Ia , ti , rectauig ui ~c ’ h j o c k s  represent p rompt ing  messages .  Sol id
c i  r c l e s  an - - i  i . dnc)OuS represent points a t  w i u i  ch t h e  s st e m  s tops  anu
w a i t s  t o : -  d . -~-~ ~~ - ‘:de — o l  i i  c i r c l e s  co rrespond to dat a en t ry  f rom a sub-
set o f T~~1c T o t a l  \-OC ut:u ui;urt - - and , i n  the c i s c  of n u m e r i c u i  data , i nvo lve  a count
of the uu u ia e r of  d i g i t s . he  s o l i d  d i a m o n d s  r epresent  - t  e n t ry  w h i c h  r e—
s u i t s  in bran ching b ;i sed  on t h e  -on t e n t s  of t h e  d at a .  m e r e  I.e cc only fou r
branch I ioints  in the program . These are t h e  p o i n t s  wh e r e typ e of message ,

F d a t a  h u o c h  n ame , ai rcraft type , and i t  . 1 .  number  wi t i l O a t  a l eng th  con-
s t r a i n t  are entered.

At any po in t  wh am thu sy s i  e~’ e x ive ct s dot  u input 
* 

except for the
fir st branch point , the unc -o t i  t an Syn ~ c fli w i l l  I c c’eI iT  u 1 - u c k - i p ice or erase
u nmruond . ihe - backspace ca ; nuan d  clint a a -- - ~- 1 l v i  c a t  cv Lo t  wa s made and

bac ks the dat a ent ry system up to t i i  p r e . r o i . ~ en t r y  a u nt. If the previous
entry  po in t  would normal ly have been m i e c o m p a n  I e J  :- - .y u i t 5 f l p I  , the s y s tem  w i l l
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also reissue the prompt . The erase command backs the system up to the first
branch point and issue s the “TYPE OF MESSAGE?” prompt , hut does not increment
the message number counter.

I f , at any of the entry points , the input data is not recognized as
one of the allowable inputs for that point , a system reject is issued. The
reject signal consisted of a flashing red li ght , an audible “beep” and print-
out of a question mark on the CRT. Rejects did not change the state of the
input system.

S. The Prompting Messages

The prompting messages that were displayed on the CRT are exactly as
shown in the rectangular blocks of Figure 3 including the question marks.
Each prompting message was also preceded by a carriage return and a line feed,
however, that is not displayed in the blocks. The messages generated by the
voice response unit were exact ly the same as the written messages , except for
the question marks and except for the fact that the word “IDENTIFICATION” was
spoken whenever “I.D.” was displayed on the CRT .

There were a number of hum an factors problems with this prompting
system , mostly caused by the limited vocabulary of the VRIJ . The VRU only
had a 30 word vocabulary . That vocabulary was listed in Table 3 and includes
no words that were specifically oriented to flight data entry . The CRT
prompting messages were deliberately made identical to the VRU messages so
that differences in prompting effectiveness would he attributed to the media
and not to the quality of the messages . The vocabulary limitat ions made it
difficult to devise prompting messages which were unambiguous and completely
help ful to inexperienced subjects .  For example , the prompt “DATA BLOCK N AME?”
was very confusing to most subjects. A more helpcul prompt mr.ight have been
“ DATA FIELD TO BE CORRECTED ?” , but neither the words FIELD nor CORRECTED were
available in the VRU. Another example was the prompt “ENTER TYPE?”. This
was virtually meaningless to most subjects. “ENTER AIRCRAFT TYPE?” would
prob ably h ave been much clearer, but the word AIRCRAFT was not avai lable.
With a larger vocabulary , the confusions between “ENTER ADDRESS ?” and “ENTER
LOCATION?” , and between “ENTER NUMBE R?” and “I.D. NUMBER?” could have been
reduced. Anothe r serious con fusion was produced by the lack of the word
“O R” . An earl ier  ve rs ion c- f  the prompting and branching system al lowed
corrections or amendment of multiple data fields in a single message . To
accomplish this , the data field amendment branch looped back to allow repeated
amendments. To get out of the bran ch , however , the word “END” had to be
spoken in lieu of a data field name. This additional program flexibility had
to be abandoned because the prompt needed for this option had to he something
l ike  “ENTE R DATA BLOCK NAME OR END MESSAGE?”, in which the word OR was criti-
cal. Unfortunately , we had not foreseen this problem and did not speci fy the
word OR to be in the VRU vocabulary.

6. Recognition Vocabulary and Graf Pen Menu Layout .

The UCDE recognition vocabulary is l i s t e d  i n ‘I’ a h l c  6. There were 43
words in the vocabulary including the word STOP which is not used in the final
system. The first column of Table 6 gives the vocabulary subsets for the words .

24
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TABLE 6

HCDE TEST VOCABULARY

WORD NO. VOCABULARY SUBSET ~ )RI) KE Y BOARD CHARACTERS

0 NUMBERS ZER O 0
I ONE I

TWO 2
3 THRE E S
4 FOUR 4

FIVE S
6 SIX 6
7 ~LVEN 7
8 1 EIGH T 8
9 NINE 9

10 CONT RO L B ACKSPACE RUB
11 END RLTI J RN
12 ERASE SHIFT RUB
13 STOP S
14 TYPE OF MESSAGE AM END
15 CANCEL CA
16 CORR EC I iON CO
17 DEPARTURE DE
18 HAN D OFF HA
19 RELEASE RE
20 WE ATHE R WE
21 ‘4’ TRANSMIT TR
22 DAT A BLOCK NA ME S TY PE TY
2 5 DE VI CE NAME DE
24 LOCATION LO
25 TIME TI
26 1. 0. NUMBER ID
27 PH ONE T IC ALPA HBET AL PHA A
25 BRAVO B

CHARLIE C
3( 1 DELTA 1)
31 dOC-\T dNS WILLIAMSPORT WI
32 ALLENTOW N Al
55 HA :ELTON
54 V ST ILLWAT ER Si
35 AIR CRAF ’l ’ TYPE BOE I NG BO
36 DOUGLAS [10
37 (ThN1~RAL GE

V MILITAR Y MI
3)  DEVICE NAMES DISCRETE 1)1
40 PM
4 1 ‘I RAN SP ON PER ‘FR
42  I ACAN TA
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The second column lists the word that was disp layed to prompt the subjects
when training the voi ce recognition system. The third column lists the char-
acters that were recognized by the keyboard entry version of the program.
These same characters were 1-rovided as feedback in the voice and Graf Pen
entry versions of the program, and except for the numbers , the letters , and
the control characters , were always the first two letters of the entry . With
keyboard data entry , the only feedback that was provided was an immediate
echo of the entered characters . If the entered character , or pair of char-
acters , was riot acceptable to the keyboard entry system , a reject would he
indicated by a ~1Uc~StiOn mark j r inted immediat ely fol lowing the characters .
f the entry w as acce~ tab1e to the keyboard system , that would be indicated

by generation oi the next prompting message.

Graf Pen entries were selected from a menu such as that shown in Fig-
ure 4 , but with 5/8 inch spacing between grids . The characters used to label
the menu location s were the same as used for keyboard entry. As can be seen
in Figure 4, they are by no means self-explanatory, and greater clarity would
have been achieved by spelling the words out in their entirety. The disad—
vantages with spelling them out would have been either that the lettering
would have been very small or the menu would have to have been made larger.
In retrospect , we believe that it would have been better to spell them out
wi th  smal l  let ters .

It would have beer~ better still to program the Graf Pen to work in
the light pen mode , for then the appropriate vocabulary subset could have been
displayed for each stage of the entry process. This would not only reduce
the search time for finding the proper menu locations , but would provide auto-
matic prompting. In future studies , wi-� recommend that a light pen implemen-
tation be tested and that a light pen or intelligent terminal type prompting
structure be implemented for voice and keyboard input as well.

7. Entry Problems

Tables 7 , 8 , and 9 are the three sets of entry problems that were
used in the tests. Each test consisted of 15 problems . Each problem was
s ta ted  as a p roper English sentence with a number of underlined data fields .

The t i n -c ~~- s t s  rI not equal in the amount of data to be entered.
rn Table 10 ~~~- - ist t~~e number of fields , words , and key strokes involved in
the three tests. A ( . . , t .  i’ield is defined as an underlined entity in the pro-
blem statements of Tar ’les  7 , 8 and 9. Non-numeric fields always involve a
single voice entry . Numeric fields require from two to five voice entries.
.\ word is defined as a s ing le voice entry , and the word count for each pro-
blem set includes the 13 words required to verify each entry . Keystrokes
ar- counts of the number of individua l keys inc lud ing  “RETURN” which have to
be s t ru c r~ to enter the data by keyboard. This number is larger than the
number of words because a l l  non -num er i~ f i e lds  requi re two strokes for key-
bo;ird entry.

8. Subject  Selection

A l l  of the  sub jec t s  were emp l oyees of Thresho ld  Technology I n c . ,  —
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TABL E 10

DATA COUNTS FOR HCDF. TESTS

TEST 1
- 

FIELDS I~ORDS KEYSTROKLS~
1 56 I 114 150

2 5 5 113 148

3 49 111 
— 

140

except for one who was a family member of an employee and another who was a
technical visitor. Subjects were divided into two categories ; those w i t h  so me
experience with the particular entry device , and those with no experience .
The order of running the tests was randomized and the subjects were selected
from a l i s t  of TTI employees in reverse alphabetical order. The first subject
on the lis t was chosen who fit the experience category required by the partic-
ualr test that was to be run .

The experienced subjects for voice and keyboard entry were n e v e r  ex-
perts .  The voice enterers were eng ineers , salesmen , or programmers who have
spent hours talking into a VI?- 100 vo i tc  entry system but who have never been
professional data enterers . The experienced keyboard subjects were all engi-
neers or technicians who had spent many hours typing but who were not skilled
touch typists. There was no shortage of subjects in these skill categories
at UI.

The inexperienced voice entry subjects were three re l atively new em-
ployees of UI who had never used a voice entry device before and one t echni-
ca1 visitor. The inexperienced keyboard subjects were members of the produc-
tion staff and one employee family member. Subjects in these two experience
categories were not eery numerous at ill.

The expe r i enced  Graf  Pen subjects  were se lec ted  from the poo l of
subjects ~~t tO h ah  uscd the ha t i f  Pen in the previous h i gn speed data  en t ry
t a - ~t s .  The amount of expel-lanai- gained fro m running the ~)r C V t 0 l ,1s t e s t ’— d id
:- ‘t b r i n g  them up to  the s t U i C ’ relat ice exper i ence  l ev e l s  as the  exp er ienced
~t- ho ird -an d voice e n try  subjects , but i t  is  questi  onab le  whether any amount

~ t experience with the (;raf Pen and a different entry menu would have qu a l i -
ted them as experienced with the particular menu used in the llfl )l . tests.

9. Instructions to Subj’.- ct s

Ea ch  suh j i-ct  was t ’ t rst o d that the purpose ol’ t he a x e  i i  m ent w a - ’ to
compare the data entry speed and accuracy of the three input devices . lie ~~ t s
then told wh ich device he would be working w i t i t  and ~ .ts given a desci-t p t ioi:
( 1f how the test would he run .

3 1
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lt  t~a-~ i-xp lained a. t h e  ~‘- - ‘ em .~ -~~. i ’ . t  p ro mpt  (hi sub ject and how at
each st  age o t  t u e  d - 4 t  ~ 4 - n t  r ’ p r o ’.  e ‘~ ~ t i t a  n umEe r - ‘ I  ac .  apt  ab le  input s wou ld  he a
sp c c i t i c  S a t ’~- L ’t o f r h ’  t u t t i l ~ ‘‘c thtt !.ir~ . ir t  a ;tr ’ -;id ed on the  ‘~:t l l  in
f ront  ot’ t h e  sul ject ~ r j  an I ~~

‘ - - -
. r - . r ’ pons t ’ ’- : ippropr i, ate to

eac h promp t ing  -
~~~ ~~

- - I t  ~~~ ‘~~ 
- ‘  t O  ..‘ot ‘ 1 c n ~v data to  he entered

we re the underl ined lie id ’- • O ut t~~,: - entry -~ roe’ t - ~~ - c t o t  n€-cc ’~ sa ri  ly the
same as t i e  o rde r in i~t i tc h t h e  f i t ’ . ~erc .~ 

‘ en hito the p roblem statement.
Particular ac ;i;’h:i-is ~~~~ - ~, i - . - : -  t o  ~~~- -  \M1 \t ’ i d  CO~kc t H ) \  message s since both
of those re’qtit i-i’d t ;  ,t t c  ~

- ait~~- C ’ . ’  ~~~~~~~~ J~ t a  i - ak a ~pecified in
response t o  the  ~ A i  A B I A S  t- \A~-~i )ronq ~t - \l:Co — nobody ar de rstood this u n t i l
he had enti - rea — a i c r a l  me - - i ~~ - ’S - ‘  t t S I . s t y p e .

1:0cc. ‘-u r— j ect i~ is then g i  - i - .  a -ic -- ci .  ;‘~ i o n  - i  h’~~ to operate the entry
d e V IC e .  In t ) i C  ‘.0 - C O t  ~t- .’hoir’i , i t  , , i  i; l i i i ’.’d ta ,it ill word s were entered
by typing thetr f t  r ’-~’ 1st te i’s . I ~~L . il—0 nee’essar to indicate which
keys were used for correction ot -i single charact er , for deletion of the en-
tire entry and for fiic ,~~ verif ication ot’ the emter~- ’.I string. He was also
told how to respond to rejects.

In Graf Pen operat i on , the description included an explanation of
how the Graf Pen worked , and precautions for i t - s  use . The Graf Pen descrip-
tion also included an explanation of the backspace , erase , enter and reject
control functiocts .

For voice input , the orientation procedure was much more complicated.
It was necessary to explain how t o  ‘~e:ir the head-mounted microphone , to set
the volume control for proper speaking leve l , to explain how the voice input
system would be trained , to explain the use of the belt-box microphone switch,
and to give instructions on how to speak to the system. The instructions in-
cluded the requirements for pausing between each word , speaking in a rela-
tively short slipped manner , and never stretching out a word that was misrec-
ognized to a l low the VIP-l00 to “hear” better .

Training required five repet i t ions of each word of the 43 word vo-
cabulary and usually did not take more than about 10 minutes. In most cases ,
at least one word was immediately retrained , however , either because the
subject had spoken an erroneous word during training or because he had lost
track of the trai lin g repetition count. Somewhat better recognition results
woulu have been O L - t a i n e d  by using ten training repetitions per word :LS i s
normally done with t h e  VIP-l00 system. Five repetition s were used , however.
to keep the ove rall subject preparation effort for voice input commensurate
with the other input system.

Use of the hand occupation pushbuttons was generall y one of the
last things explained .

Finally, the subjects we’re instructed to strive for maximum possible
accuracy consistent with reasonable input speed.

Many further instruct ions were usually required during the short
trat ning test. The primary problems encountered during the first test were
generally re l ated to the prompting and en t ry structures , and not to the use

32 
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of the entry device . Most subjects were still having some difficulty inter-
preting the prompts well into the first of the three actual tests . There
were , in addition , the usual confusions about how to handle rejects , and the
backspace and erase commands , and , in the case of voi ce , there were recogni-
tion problems both with the data and with the correction commands . For ex-
perienced voice data entry subjects , the correction comm ands were a problem
because they differed from the commands which they have used in other voice
entry programs . These subjects were incl ined to use their  accustomed commands
as a matter  of ref lex , and this  resulted in numerous correction system errors .

.(, “4 



Sect i on 111

RESU LI’ S

A. Explanation of the Analysis of Variance Procedure Used in This Report

In Table 11 of Section Ill-B , for example , we summarize the analysis of
variance for the Average Time Per Correct Character  me asurements . Column 1
of this table lists all of the individual factors , all interactions between
two factors , and one significant interaction between three factors . The
nuiaber of degrees of freedom (df) corresponding to the source of variation in
colunm 1 is listed in column 2.

Column 3 display s the sum of squares for each factor or interaction .

The sum of squares totaled over all possible coithinations of factors is
given at the bottom of column 3.

In the two experiments discussed in this report there was no replicat i on
to provide an error estimate . In such a case we may derive an error estimate
from the variance of the high order interaction terms . In the 1-ISDE tests
there were six factors . l’~e expect that individual factors and interactions
between pairs of factors may show statistical significance , but we have little
reason to expect that 3, 4, 5 or 6 way interactions should generally be sig-
nificant . Hence , the variance from these high order interactions can be used
as a measure of uncontrolled variability in the test. To compute this mea-
sure we sum the “sum of squares” terms for all such interactions and then
divide by the df’s for these interactions. The result is the estimated mean
square experimental error. In Table 11 , this sum of squares and the mean
square errors are tabulated in the next to the bottom row of columns 3 and 4.

If it happens that an occasional three or four way interaction is signif-
icant when compared to this mean square error , it means that by including that
interaction in the measure we have overestimated the error. Usually the de-
gree of overestimation is slight , and in any case it always leads to conser-
vative estcmates of statistical significance .

In the t i n i l y  c j ’ ., of variance tables of this report , significance levels
are tabulated n ~erms of robahilities that a deviation of that magnitude
would not occur due to chance alone .

B. High Speed Data Entry Tests

The pa r t i cu la r  measurements  ana lyzed  are :

1. Average time per correct character
2. Percent wrong characters
3. Percent wrong character strin gs
4. Percent wrong characters oefore correction

-
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The operational error rate or error i-ate a f te r  correction is a na l yz e d
with respect to both character errors and string errors. These two error
measures are highly correlated. The primary di fference between them is that
the string error rate is usually higher than the corresponding character error
rate and the length of the strings tends to be a sign i ficant experimental
factor when evaluating string error rates. Error rate before correction is
indicative of the basic error rate of the data entry device and the problem
se t t ing .

1. Entry Time Analysis -

Table 11 summarizes the analysis of variance for the average time per
correct character me ~uretnents . This anal ysis is performed for the dat a from
the final two tria’. nly, since using the f i r s t  t r ia l  for t raining introduced
very large time variations which are not necessarily related to actual speed
of entry.

Alphabet , entry mode , and data length , in that order , can be seen to
be the three most significant factors affecting entry time per correct char-
acter. The only other single factor which is significant is trial. There
are three interactions between two factors which are significant at the .99
level or higher; length by mode , hand occupation by mode , and hand occupation
by alphabet. Finally, there is one three-way interaction between hand occu-
pation , length , and alphabet that is significant at the .99 level.

Figure 5 p lots the entry speed as a function of the four individual
factors which achieve statistical significance . It is particularly note-
worthy that neither hand occupation nor feedback had a si gn if icant  overall
effect on entry speed.

The comparison of entry modes shows that keyboard was the fastest
mode in these test , requiring an average of 29% less time per character than
voice ; and 22% less time than Graf Pen .

The alphabet comparison indicates  that entry of numeric-only data
requires about 2 5% I C S S  t i m e  than entry of mixtures of letters and numbers .
T h i s  is ciot surprising since a smaller vocabul ary reduces keyboard and Graf
Pen scan t ime - !cid reduces voice input error rates.

Th e data  t en th comparison s show that 10-character s t r ings  required
about 14~ less t ime per character than 3 character strings . If the overhead
requi red for verifying the old entry and requesting and reading a new entry
we re assumed to he equivalent to entering an additional character of data ,
t i l e  d i f f e rence betwee n 10 character strings and S character strings would be
expected to he about 2 U ”~. The fact  tha t  the diffe rence was less than 20°~
probably results from the requirement for rereading the 10 character strings
several times in order to break them up into more easily memorized units .

‘I’he diffe rence between t r i a l  two and t r i a l  three was only about 9~ .
T h i s  ra ther  smal l  increment ind ica tes  t ha t  the subjects had f a i r l y  w e l l
maste red the mechanics of the experiment by the beg i n n i n g  of trial two .

1-igure (~ presents g raphs of ave rage t ime  per L o r r e c t  cha rac t e r  versus
the interactions between e n t r y  mode and l eng th  and e n try  mode and han d occu-

‘40 
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TABLE 11

ANALYSIS OF VARIANCE OF
AVERAGE TIME PER CORRECT CHA RACTER

TRIAL S 2 AND 3 ONLY

SOURCE OF DEGREE S OF SUM OF MEAN SIGNIFICAN CE
VARIATION FREEDOM SQUARES SQUARE S F LEVE L

1. FEEDBACK (F) 1 0.001 0.001 - -
2.  HAND OCCUPATION (H) 1 0.013 0.013 - -
3. FxH 1 0.132 0.132 - -
4. LENGTH (L) 1 1.118 1.118 16.44 .999
5. FxL 1 0.236 0.236 3.47 .90
6. FIx L 1 0.284 0 . 2 8 4  4 .18  .95
7. ALPAHBET (A) 1 4.208 4.208 61.88 .99999
8. FxA 1 0.085 0.085 - -
9. HxA 1 0.493 0 .493  7 . 2 5  .99
10. LxA 1 0.010 0.010 - -
11. ENTRY MODE (M) 2 4.015 2.007 29.51 .9999
12. FxN 2 0.172 0.086 - -
13. HxM 2 0.721 0.360 5 .29  .99
14. LxM 2 1.253 0.626 9.21 .999
15. AxM 2 0.129 0.065 - -
16. TRIAL (T) 1 0.493 0.493 7.25 .99
17. FxT 1 0.004 0.004 - -
18. HxT 1 0 005 0.005 - -
19. LxT 1 0.165 0.165 - -

20. AxT 1 0.023 0.023 - -

21. MxT 2 0.021 0.010
22. JLxLxA 1 0.543 0.543 7.99 .99

ALL INTERACTIONS BETWEEN
3, 4, 5 ANI) 6 FACTORS
= ERROR 68 4.65 0.068

TOTAL 95 18.208

GRAN D ME AN = 1.489
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pat ion. Significant interactions between t~~e factors alway s show up in a
graph in which one factor is the ordiI-Lt ~~’ and t h e  other is a parameter by lack
of parallelism or crossing of the curve-c t a r  the parameters .

The interaction between iuuUe and length is si gnificant because 10
character strings had suhsta ntt allv lower entry tines than 3 character strings
for voice entry , moderatel y’ low er for k e y t o a r d , hut had higher times for Graf
Pen .

The i nt c r . t c t  ion ot  t - r i t  ~ U ‘.le ~: i  h U. ~~ - I Jc cu p~Lt i o n  shows tha t  hand
occupat io n had no e f f e c t  Ofl P’. I’V l Io .ij’U ~~~ i ’v , ,s - U L A c U L .  t f l e  speed of Graf Pen
en t ry  a1- ~. tnc r ea se d  the speeu of ~o : c e  cO t i”~ - The hand occupation requirement
in t h i s  exper iment  S m  ti lt si cn~ f t  c ac t  , ‘.;~~‘r : i l  , ~) r l a ~~r i i y’ be cause i t  was such
a simple task that i t  c o u l d  be ;;erf lie d ~i& f:-~ ’.tion of a second. Whatever
negativ~- effect it did hjv~- - t c o w e~~e i ’ . s . . i d  lie exi-lected to he greates t  w i t h
Graf Pen for w h i c h  i t  sac- n ecec - sz i rv ci r:ier 101- t iie subject to carry the data
entry ’ s t y l u s  n a ck  and fo r th  be t  s~ -~ II he o t t  a ent rv t : 1 ) l e t  and th e  pushbut tons
or to lay down the  s ty lus s i l i l :  push~ iu t u e  b - i t t o t - s .  On the o ther  ext reme ,
its negative effect wo ol-i he expected t o  be least wit i. v o i c e  inpu t  ~ith which
hands were not used at a l l  for data  ent r y .  Iii fact , vo ice  i nput proceeded
faster on the average with hatio occup at i on t don  s ithout .

Figure 7 is a plot of entrY tIOCS for the three-way interaction be-
tween hand occupation , alphabet , mi d:I~ a h ’n p t h .  This plot  i l l u s t r a t e s  a
kind of threshold  e f f ec t  in t h e  n e - i c - I  trivi al hand occupat i on re4uirement.
For the r e l a t ive ly  d i f f i c u l t  t ; i s~ of en te r ing  a lphanumeric  data , the ha nd
occupation requirement was so simple that it would not be expected to increase
significantly the entry time per - ‘ hc t r a c t e r .  ( I n  fac t , the  ave rage entry  ti ;ae
was decreased slight ly with hand occupation.) For entry of 10 character
numeric strings likewise , pushing the nan d occo)at ion buttons once per s t r i n g
was such a minor part of the total task that it would not be expected to
increase sigtiificantlv the entry time per character. For entry of  3 character
numeri c s t r ings , how eve r , push ing  the button s once p er  s t r ing  increased the
overhead per character by enough to significantl y increase ent ry time per
character.

In this i ,ctt -r ci ct ion , it is di fficult to e xp l a i n  how hand occup at io n
could actually del - I -ease ent ry tii&- for 3 of the 4 conditions. it is most
likel y the result of uncontrolled intersubje ct variations , but it is also
possible that a s~ mycie hand occupation task such as the one used in this ex-
periment could improve data entry performance by making the task more rhythmic.

2. Error Rates After Corre ction

The operational errors , or errors after correction and verification
t ir e  analyzed with respect to two c1osel~.’ r e la ted  measures ; percent correct
charac te rs  and percent  correct  cha rac te r  st r i n g s . ;e n cr ; i l l v , the  si gn i  i~ cance
le v e l s  for these measures tire l o w e t -  t h a n  for the  t ime per correct character
measure ments.  T h i s  r e f lec t s  t oe  higher degree of uncont ro l led v a r i a t i o n s  in
these measures.

Table 12 suinmari zes the an t i  l v s  i s  at ~
- ci i - i  111CC t a r  Percent Correct
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- TABL E 12

ANALYSI- I:)r \-‘A R lAN CL OF
PERCENT CORRECT CHA RACTE RS

SOURCE OF DEGR EES OF SUM OF ME AN S I G N I F I C A N C E
VARIATION FREEDOM SQUARE S SQUARE S F LEVE L

1. FEEDBACK (F) 1 4 .698  4 .6 9 8  - -
2. I-lAN D OCCUPATION (H) 1 1.636 l .63ó - -

3. FxH 1 l. -~9u) 1.499 - -

4. LENGTH (L) 1 2 . 44 7  2 . 4 4 7  - -

5. FxL 1 .2 S 4  6.254 - -
6. HxL 1 1 .111 1 .111 — —

7. ALPAHBET (A) 1 20.318 20.316 7 .58 .99
8. FxA 1 13.451 13.451 5 .02  .95
9. HxA 1 0 . 4 4 1  0 .4 4 1  - -

10. LxA 1 17.424 17.424 6.50 .95
11. ENTRY ~%DDE (M) 2 2.080 1.040 - -
12. FxM 2 8.801 4.44() - -

13. HxM 2 8 .62tJ  4.  S I c  - -

14. LxM 2 4.079 2.036 — —
15. AxM 2 17.066 8.533 3.18 .95
16. TRIAL (T) 2 2 2 . 8 9 7 11.448 4 . 2 7  .95
17. FxT 2 0.796 O. 39~ - -
18. l-lxT 2 1.531 0.766 - -
19. LxT 2 0 .4 5 2  0 . 2 2 i . - -

20. AxT 2 0 .2 4 0  0.120 - -
21. MxT 4 3.165 0 . 79 1 - -

22.  I{XLXA 1 2 8 . 4 7 1  28 .47 1  10.62 .995

ALL INTERACTI ONS BETWEE N
3 , 4, 5 ANI) 6 FACTORS
= ERROR 109 292.16 2.68

TOTAL 143 431.184

GRAND MEAN = 99.036

4 1 
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Characters . For this measure the -caost significan t result is a three-way
interact ion between hand occup at ion , length and alphabet . Alphabet and trial
tire the O fl i~~ two i n d i v i d u a l  fa ct o r s  which are significant ~at the .99 and .95
levels respectively) . The two-wa interactions between alphabet and feedback ,
alphabet and length , and alphabet and mode are s ign i f i can t  at the 0.95 l e v e l .

Table 13 s u m m a r i z e s  tb e ;-. c m a l y s i s  of var iance  for Percent  Correct
Character Strings . The results are predictably similar to those for Percent
Correct Characters . The most sigiiifican t result is once again a three-way
interaction between hand occupation , length , and alphabet. The individual
factors of alphabet and length are significant at the 0.995 level, and trial
is significant at the 0.95 level. Length of data strings is more important
to percent correct character strings than it is to percent correct character ,
since for a given character error rate , the string error rate will tend to be
proportional to the string length . Finally, interactions between alphabet and
hand occupation and alphabet and entry mode are both significant at the 0.95
lev el .

it is particularly noteworthy that neither feedback , hand occupation
nor entry mode are significant in either of these measures of operational
error rate. Both feedback and entry mode are significant , however , in inter-
action with alphabet.

Figure 8 compares the significant single factors for percent wrong
characters after correction . Figure 9 compares the significant single factors
for percent wrong character strings after correction . The overall string
error rate was about five times as high as the overall character error rate.
Both figures show , however, that the error rate after correction was more than
twice as great for alphanumeric data as for numeric-only data, and that the
effect of training was greater from Ti to T2 than from T2 to T3. F i n a l l y ,  the
string error rate was about two and one-half tines as great for 10 character
strings as for 3 character strings.

The primary reason that the error rate after correction was hi gher
for alphanumeric data than for numeric-only data was that with  alphanumeric
input there were iiucncrous confusions b etween the characters S and 5 and 1 and
I when r e a d L t g  t~ce Burroughs Se l f -Scan .  Since these were reading errors , they ’
were not generally corrected before verificat ion.

Fig-are i) alotS the interact ion between entr\’ mode and alphabet both
for character errors and string errors . The plots are similar and both in-
d i c a t e  that  for a lphanumer ic  data , v o i c e  input  had a p p r o x i m a t e l y’ one -ha l f
the opera t iona l  error ra te  of e i t h e r  key board oi- G ra f  Pen . For n u m e r i c - o n l y
d a t a , the s i tua t ion  was nea r ly  reversed.  Key boa rd had tui e x t r e m e l y  low er ror
rate. Graf Pen had a somewhat higher error rate , and voice had a much h i gher
rate.

Figure II plots the interaction of feedback and alphabet bo t h for
c h ar a c t e r  errors and string errol-s. iO- I’ numeric data , voice response had no
sign i ficant effect on ope rational error rate. For alphanumeric data , howeve r ,
voice response feedback more than doubled the operat i onal error rate.
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TABLE 13

A N A L Y S I S  OF VAR IANCE OF
PE RCENT CORRECT CHARACTER STR INGS

SOURCE OF DEGREES OF SUN OF MEAN SIGNIFICANCE
VAR IATION FREEDOM SQUARES SQUARES F LEVEL

1. FEEDBACK (F) 1 64.0 64.0 - -

2. HAN D OCCUPATION (H) 1 36.0 36.0 - -
3. FXH 1 32 .1  3 2 . 1  - -
4. LENGTH (L) 1 498 .8  4 9 8 . 8  8 .74 .995
5. FxL 1 21.8 21.8 - -
6. HxL 1 16.0 16.0 - -
7. ALPHABET (A) 1 529.0 529.0 9.2w .995
8. FxA 1 196.0 196.0 3.33 .90
9. HxA 1 256.0 256.0 4.49 .95

10. LxA 1 9 .0  9.0 - -
11. ENTRY MODE (M) 2 61.6 30.8 - -
12. FxM 2 146.0 73 .0  - -
13. HXM 2 194.7 9 7 . 3  - —
14. LxM 2 194.9 97 .4  - -
15. AxM 2 482 .7 241 .3 4 .22  .9S
16. TRIAL (T) 2 4 0 6 . 2  203.1 3.56 .95
17. FxT 2 32 .7  16.3 — -
18. HxT 2 32.0 16.0 - -

19. LxT 2 86.2 43 .1  - -
20. AxT 2 72.0 36.0 - -

21. MxT 4 178.8 44.7 - -

22 .  HxLxA 1 747 .1  747.1  13.11 . 999

ALL INTERACTIONS BETWEEN
3 , ~1 , 5 AND 6 FACTORS
= ERROR 109 621 6 .0  57 .0

TOTAL 143 9 7 6 2 . 5

GRAN D MEAN = 95 . 194
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3. A n a l y s i s  of Basic  Recogni t ion  E rro r Rate

Table 14 summarizes the analysis of variance for percent wrong char-
acters before correct i on . This is c~ measure of the basic error rate of the
data entry system and is only partly reflected in the operational  erro r rate
since many of these errors were corrected before final verification . This
error measure is important since it gi ves an indication of the difficulty
encountered by the subjects when using different entry devi ces.

The only two factors which are highly significant are entry mode
and t r i a l  at levels  of .999 and .995 respectively. The two-way interactions
between length  and alphabet and between hand occupation and mode are s ign i f i -
cant at the .95 level .  And f i n a l l y ,  two three-way interactions between hand
occup ation , length , and alphabet , and between n-iode , length , and alphabet are
s ign i f ican t  at the 0.95 level. The individual factors , feedback and alphabet
are both s ign i f ican t  at the 0.90 level.

In Fi gure 12 we have plotted the average ~a i ue s  for  the four factors
which exhibit some statistical significance. The graph shows that voice entry
had approximately twice the basic error rate of either keyboard or Graf Pen .
A basic error ra te  of nearly 2 .7~i for vOice input with minimally trained sub-
jects operating under stress is not hard to understand , but 1.21 and 1.5°-i
error rates for keyboard and Graf Pen respectively may seem high , since neither -

of these devices are supposed to make recognit ion errors.  Because the errors
were measured automatically in these tests , a breakdown into different types
of error is not available. It -ic certain , however , that the keyboard did not
produce “recognition ” errors , and clew we will show that the relatively hi gh
human error rate with keyboard e n t r y  was related to the use of voice response
feedback. The Graf Pen actuall y d i d  produce a few r e c og n i t i o n  errors e a r l y  in
the tests due to a faulty microphone assembly. It was also inclined to encour-
age “keying ” errors as a result of the offset between the stylus tip and the
spark gap .

The plot of error rate versus trial shows that substantial reductions
in basic error rate were achieved w i t h  increasing experience.

The e f i  ect s  if feedback and al phabet on error ra te  were less si gn i  f i  -

cant but i iwt i~~a te  ti n increase in basic error rate with voice response feedback
and a hig her &- r~n; ri te for alphanumer ic data than for numeric-on l y’ data.

Figure 13 is a plot of the two weakly si gnificant interactions between
entry’ mode and f e e d I c i c i .  titwi between entry mode and hand occupa t ion . \‘oice
response feedback had no effect c i t  a l l  on the error ra te  ~~~ voice or Graf ion
lfl;)il t , n u t  Was  a c c omp a nie d  by cm very l arge  increase in  error rate w i t h  key-
board i n p u t .  The vo ice  response u n i t  was so slow r e l a t i v e  to the key board en-
t ry  r a t e  t hat a lmos t  c i i i  subjects went ahead of the feedback and t r i ed  t o
igno r e  i t .  I t  is  p o s s i b l e  tha t  h e ar i n g  t he names of p rey  ou slv  entered char-
d e t e rs spoken w h i l e t ry ing  t o  ent c - c  c m new c i u c m m ’ a c t e r  may have caused the hi gher
b a s i c  error  ra te .

I h e  I nt i -  rae t ion  of i l c i n a  o c c up a t i on and mode m no i cat  es t h a t  hand oc cu —
pat ion ream iced the e’rror rci to fo i’ ~ Ii v a m  cc and c Pen data  en t r y ,  but 

- - ~~~~~- -



FABL E 14

ANA l YSIS OF \- .- \R T AN CE OF
PERCENT WRONG CHARACTERS BEFO RE CORRE CTION

SOURCE OF DEGREES OF SU~-I di -  ML \N S I G N i F I C A N C E
VAR IJVIION FREEDOM SQL -\RLS SQUARES F LEVE L

1. FItLDBACK 1 li .Sl6 11 . 816 3.69 .90
2. HAN D OCCUPATION (H) 1 8 . 02 3  8 .023 - -
3. FxII 1 0.341 0.341 - -
4. i I;NL1li (L) 1 1.598 1.598 - -

5. FxL 1 8.995 8.995 2.81 .90
6. EIxL 1 0.001 0.001 - -
7 . -\1 PAI-IBET (A) 1 10.096 10.096 3.15 .90
8. FxA 1 1.762 1. 7u2 - -
9. kixA 1 7.604 7.604 - -

10. [x-\ 1 16.477 16.477 5.15 .95
11. ENT RY ~~DE (M) 2 60.882 30.441 0.51 .999
1 .  FxM 2 16. 725 8.362 2.61 .90
13. HxN 2 23.797 11.899 3.72 .95
14 . LxM 2 1.166 O.5~ — — -

13. AxM 6.511 3.255 - —
16 . flU -

~~ 
(‘1) 2 -10 .037 20.018 6. 25 .995

~~ \ l  2 3 .730 1. SnS - —

i8 . l x i  2 0 .974  0 .4 8 7  - —

19. 2 7 . 156 3 , 5 7 8  - —
2 0 .  \x  2 2 . 2 2 9  1 . 1 1 5  - —

2 1 .  M x !  4 0.~~s3 0.2 — —

22. I I XL k . \ 1 15. 009 13. 009 4. . 95
2 3.  [ K A x M  2 24 .699 1 2 .3 4 9  5.86 .05

A i .  1 N i l . LAu I I  T~S o F l i~L I :N
3 , -‘ , 3 -\N L m 6 FACTORS
U L R R OR 109 348.87 3.20

diAl 143 597 . Th8

GR-\N D ML -\N = I . 765
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increased i t for keyboard cut ry . We have co c x i i i  cim i ci t ion for this resu It and
are inclined to attribute it to random inter-sub j ect variations.

There are a number of other interactions which show some significance
with respect to percent wrong characters before correction , hut which we have
not plotted . The reason for omitting them is that their significance levels
are not extremely high and when plotted , they appear either not very interest-
ing or not plausible. Should the reader wish to examine these interactions on
his own , the basic data for the experiments is provided in Appendix \ ,

C. High Comp lexity Data Entry Test Results

1. Types of Measurements Analyzed

The types of measurements analyzed are :

a. Entry tine per word
b. Field errors
c. Word errors
d. l~ord errors before correction
e.  Correction sys tem errors
f .  R e j e c t s

I nt  rv t Inc was norma I i  zed m c i  th  respect to the J)Uiuiher of words required
to he entered i n c l u d i n g  the end v e r i f i c a t i o n  word ( ca r r i age  re turn  for  key-
board). Normali zation was not , w ith rL -cpect to the number of words, correctly
entered as in the hig h speed data entry tests.

Field errors and word errors are  errors which remained after the sub-
ject finished the data entry task. These are t he  true errors in the context
of the data entry task.

l%oril errors l)etore correction lirovide an indicat ion of the basic error
performance of the data entry systems . Most of these errors were detected and
corrected by the sub ject before entering the messages.

In a 11 of these measurements , a word is d e f i n e d  as a single ent rv in
the cont ex t of e i ther the vu I C C  of ~ra f Pen i nput s~ stem s . In  part icu l ar , each
dci ta f i  e Id name , cue I t  i i  g i t in  ;ti nit c u e  a 1 Li c i  d s , and the  end or ‘‘ carr i i  gv re-
t u r n ’’ c h a r a c te r  r ’qa 1 rca f i r message ver i f i  cat  t i n  ar e  a l l  l e f  i ned as words .
For keyboard i upu it -i 11 dci  t u  i eld  f l tu ; : - I es  requ 1 m’cU two keyst rokes , but were ~-i i l l
d e f i n e d  is  sing le w I fucc

A f i e l d  d i f f e r s  from ci word in tha t an er ror  in . string ot’ n u m b e r -
- ; u i c iu i - -c t inc  or an IL ) number is counted ci s on l v  one field er r o r  m - eg ul rU I us  s of
ios~ ;icmny d i ~ its are actually in error . Percent age fie ld errors furt herniore .
do not count ENO ” or “CR” as field s .

‘l’he t i m  i ’et’ word  and Lu  c ~ e u r r  n u e c i s i u r e n m e n t s  licu e been f u r t h e r  s c u i i d  —

vided into:

ci . keying, recogn i t ion , and cci’ c~ - - - : ou~ s~’- - t cm (‘cliii’ s
b . Readin g and int crpr etcit ion  e r r o r s

r-~~ - -~~~~ v:- i ~ Th.j. - -- , -- - -- -- -
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Detection of errors and division of errors into subcategories was
done manually by comparing a hardcopy of the subjects ’ responses to a set of
known correct problem responses. Total error counts resulting from this pro-
cedure are well defined , but subdivision into categories is sometimes ques-
tionable.

In general, errors were specified as keying and recognition errors
whenever the error seemed like ci possible confusion response for voice input
or a neighboring key or menu error for keyboard and Graf Pen and when the con-
text of the error did not indicate that the partict.iar character in error was
simply part of a larger interpretation error or a simple reading error (such
as confusion of 3 and 8). Errors were specified as correction system errors
whenever they seemed to involve erroneous recognitions of the backspace and
erase commands , or failures to respond to either of these commands , or when
it was indicated by context that the error was a result of incorrect use of
one of the correction commands.

Reading and interpretation errors included confusion of the order of
data fields in the message, extraction of a data f i e ld  from a nei ghbo±i ng mes-
sage , and likely reading confusions such as between 3 and 8.

Rejects were provided for till three data entry devices whenever the
data entry program detected illegal syntax. The entry system was highly struc-
tured , so that numerous rejects were obtained . For voice entry , rejects were
also generated when the voice recognition system fai led to recognize a word as
one of the syntactically selected set of candidates. This could happen even
though the correct word was spoken .

2. Entry Tine Analysis

Table 15 summarizes the analysis of variance for the Tine Per i~oro
measurements in the high complexity data entry tests. Almost all of the vcii ’ i-
ance is a t t r ibu tab le  to four factors and one interaction between two of tIicsC
factors . The four factors are experience , hand occupation , entry mode arid
trial. Prompting was clearly not significant in these tests. The one hi ghly
significant interaction was between experience and entry mode.

The ee -u n s q n . u r e  er r o r  in t h i s  t e s t  is very low . This implies thai
-;irtually o il of rUe variance in the test is attribut able to t h e  b a s i c  f c i c~ ors
:mnd two—way i rutercn ’t ions between those factors . The sign i fic cince levels in
this test tire hi gber than in  t he  equiva lent  n i gh speed data entry tests pri -
m a n ly because subject experience was made an explicit factor . Experien ce and
t r  a l  t ire the two most s i g n i f i c a n t  f ac to r s  in th i s  t e s t .  I t~ su b lect  e x p e r i e n c e
rin d been randomized as in the  hig h speed da ta  en t r y  t e s t s , i t s  co n t r i t - iu t  ion  ti

the var iance  would have anpeare d in the mean squared error term , and the I- ri-
LO S 1 c i i  I of the other  factors would have been reduced b~’ more than one ha I 1’ .

i ~ u i r c  11  graphs the h i g h COuIuiiie\ i t y  entry t i m e s  per word for  t h e  Lou t’
fa - t ors w h i c h  a t e  s t a t i s t i c a l l y  s g m l  f i c ~i u u t .  Not  ice t h a t  i n  s p i t e  of t h e  y e n
u g h  st a t  i s t i c a  I si  gn i f i c - i n c e , the  n u m e r i c  1 d i f f e r e n c e s  cir e n t  -~t r i k  i n g i v
la rge.  The e n t r y  m ode conip ar I son shows t h a t  ; c i  t Pen and v o i c e  en t  cv h i  hi
r e qmm i red about 2 . 3  seconds per word , w h i l e  k e v l i u i r d  required 2. 0 !  second s per

S..’
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T A R I L - iS

A N A L Y S I S  OF ‘ ‘dI l -\N(T OF
fILCH COMPLEXITY l )Xl A EN T RY TU’fli PER WORD

SOURCE OF DEGREES OF SUM or Mf \i~ S I G N I F i C A N C E
VARIAT ION FREEDOM SQUARES SQ~bARI:S F LEVEL

1. EXPERIENCL (E) 1 5.804 5.~ 9-1 86.2 .99999
2 .  I-lAN D OCCUPATION (H) 1 3.05 ’ 3.957 5.9 .99999
3. ExH 1 0 .537 0.537 7 .9  .99
4. PRO MPTING (P) 1 0.01 7 0.017 - -

5. ExP 1 0.005 0.005 - -
6. dxP 1 O . b l S  ( .015 - -

7. ENTRY ~VUDE (M) 2 6.231 3.115 -15.5 .ovoo
8. F x M  2 4.583 2.291 33.5 .9990
9. 1l\~i 2 0 .643 0. 321 4 . 7  .95

10. i t ~~1 2 1.031 O. 5i~ 7. 5  .99 5
11. TRIAL (1) 2 11 .285 5.643 82.5 .99999
12. ExT 2 v.023 0.011 - -
13. l-IxT 2 0.330 0.165 - -
14. PxT 2 0.054 0.027 - -
15. MxT -1 0.139 0.035 — -

.\I l.  IN ’ l I RACL IO NS BETWEEN
3 , 4 , •\N D 5 FACTORS
= ERROR 45 3 . 07 7  0 .0684

TOTAL 71 37 . 822

GRAN D MPAN = 2 . 5 3 0  
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word. Thus , keyboard is abou t 30% slower . This difference is partly attri-
butable to the requirement for entering two characters per non-numeric word
on the keyboard with only one entry required for either voice or Graf Pen , and
as we will show later , is a strong fuaction of subject experience.

Experience , trial , and hand occupation all show the expected results .
Experienced operators required about 20% less time than inexperienced opera-
tors, and the test time dropped by about 3O~o from Trial 1 to Trial 3. Hand
occupa t ion  had a si gn i f i can t  e f f e c t  ~n this experiment bec ause  the  3 .5  second
occupation time was applied to each message. Since the average number of word s
per message was 7.5, the minimum increment would then he 0.47 seconds per word ,
Coincidentall y, The average measured increment is 0.47 seconds per word , and
as we will see below , the hand occupation increment was not as great for voic-
as it was for keyboard and Graf Pen.

Fi gure 15 displays the averages for the three interactions between
entry mode and other variables. The most significant interaction is between
mode and experience. Inexperience increased entry time by 56% for keyboard ,
by 14% for Graf Pen and only by 5% for voice. For all three devices , the inex-
perienced operators were totally inexperienced with the entry devices and the
so-called experienced subjects were never experts. The tests indicate that it
takes more than a little experience to make a big difference in entry time in
this kind of test for either voice or Graf Pen entry, but the difference be-
tween no familiarity and some familiarity with the keyboard has a substantial
effect on throughput , since , when used by totally inexperienced subjects , key-
board is quite a slow entry device.

The interaction of mode and hand occupation is s i g n i f i c a n t  at a much
lower level than either of the individua l factors. In the tests , hand oecupci-
tion increased voice input time by 0.21 seconds per word , keyboard by 0.5-2
seconds per word , and Graf Pen by 0.66 seconds per word . -\s previousl y s t a t u e ,
the minimum time required for hand occupation is about 0. 17 seconds per word
unl ess that t ime can be absorbed into the entry t ime , as it could with voice
input . This test has demonstrated an advantage to voice input when the hands
are occupied , hut once again , the hand occupation must he substantial , and ev en
then , not a 11 of t h ~ hand occ up cit ion t inc will be absorbed i n t o  the entr t i :cue
fo r  vo i ce  input .

\n cudG i~ -~r~ai ~- es c i t ~.as t e a t  Gn at ’ Pen wcls hurt slight Iv more by h c i n d
occupation t h a n  w c u s  keyboard . The greater slow down for the Graf Pen may have
been caused because part of hhe Graf Pen mechanism had to  he held in one of i he
operator ’ s ha nds . M o vi ng the  G r c u f  Pen s t y l u s  and cable hack and forth  bet u~ei- u
the ent rY t ab le t  and the push buttons would l o g i c a l ly  be more t ime  consuming
than simply moving empty hands.

ihe  interact ion between c i t  rv mod e and prompt i mg can be summani e as
fol l ow s :  v o i c e  p rom p t  i n g  i n c r ea s e d  e n t ry  t tic lot’ v o i ce  Lw a l m o s t  1~~ , had n
si gni t’icant ( 1  f e e t  on ke\ O c i i ’ it c uc ti y , and ie cr e cu- ~L -I  1’n~ r\ - t i n  for Orci f Pen L v
c i i u n i t  0% . voice pr ompt  u mg s l o w u c t o w n  v o i c e  emi t  m ’ ne ccimi se the voice op er c i t n r ’~
w ere - i m o s t  ,t I w c i y s  inclined to wci i t for the vo ice r e sp on s e  mmmi it t o  st op  t c i  1k i ; .
before t im e s t a r t e d  talking. F u i t  hier ~cio m’e , t i m e c c i c c 0  I i t  v of t h e  voice prompt-
ing to free the subjects ’ es did not L i v e  its u - o m i t  Va I n - , since voice i nput 

— —~~- -~~~~~~~~~~ - - ‘ - - ~~~~~~~~~~~~ -~~~-~~ Ir ~1 . r . ’- - . : ——--— — --— -
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a l so  freed his eves. For the Gri f Pen , on he other hand , there was no hesi-
tation to enter uci ta while the YRU was talI:i;i v ; and since the eyes were very
busy, voice prompting was quite hel pful. It would have been even more help ful
if it had had ci more opt i mum v o c a b u l ar y  and if it had been modified for greater
speaking speed .

3. Analysis of Field Errors

ab i e  in summ arizes thu Ana iysis of \:i - ~ .mn ce Lot’ the total field errors
in the hign complex i t y  data  en t ry  t e s t s .  Ex p e r i e n c e  and hand occupat i on are
the only tm~o factors which achieve a significance lev el as high as 0.90 for
this measure. Ent ry  mode is not si g n i f i c a n t .

Field errors have also been broken do~om i n t o  two  s u b cla s s e s :

a. Keying , recognition , and correction system errors
h. Reading and interpretation errors

Table 1 ’ and i~ sn nmar ize  the anal ysis of var i . m c ~ for  c lass - one
class b) , rcsgc cr iv elv . From Table  17 it cat  be sect ,  t h a t  c i t  r~ i~~de i s  u-
on ly fac tor w h i c h  is rea l l y  sig n i f i c a n t  wi th  respect  to  k e e l  m~ , ,  r e c o g n i  t j o _ i ,
and correction system field errors; one from Table i~ it c mi he seen t h t  hand
occupation and in terac t ions  between experience and hand occupat ion and experi-
ence and prom pting a”u the only factors which are si gnificant with respect to
reading and interpretation field errors.

Figure 16 is a plot of field errors versus entry mode. This plot
shows the total errors and the breakdown into class a and class b field errors.
There  we - a lmos t  e x a c t l y  t w i c e  as many total field errors for voice input as
the re werc for the other two i nput modes , b ut becaus e of the generally high
v a r i a n c e  in this measure , this is not a significant result .

With  respect to k e y i n g ,  recognition , and correction systems errors ,
there xere a lmos t  S t imes as mans ’ errors for voice i n p u t as for either of t b~
other tw~ input modes;  and this r e su lt  i s  s i gni f icant .

The reoG i ng ;c~ U i n t e rpr e t a t i o n  Lie Id errors i r e  not s igim i Li cent m.. I th
respect to entry mode .

F igi cec 17 I s - plot of tota field errors versus ex p e r i e n c e  and hand
ocumi pa t iO fl . TIe mu liner c t  errors for i ciexpenicnceu subjects was cm m ost tw
as gre at  as for m - x p e r i e n c e d  subj e c t s .  L i k e w i s e , the icmmser of errors for  h ar e
occupation was tomih i e that for no hand  occ i~- cm t i o n.

I~ gore 18 i s  cm plot of reading and intel - ret i t  ion field errors ‘ ersus
ha m c occ c~ at i o n .  a nA occupa t ion  more t nan  t r i p l ed  t h e  numb er of t he se  errors
1 be m;c t u n c l e  ions b e t s  c c i  cx per I emce e  and hand e e c ~~~i l  io f l  - i fl l i  net seen ( \ I L - r cue e
and promp ti n g , whi ch n-cr - -,i gni fic: int cc t t h e  0.95 l e v e l  cm - this t \’pc 01 e r r o r .
h ~e iii  t r e m  p l o t  t ccl . They wi 1 1 Lw ~

- c red un d e r  I I ce c l o s t  1 v nc  L i t  ed c a 1 ~ i s
of word errors imi ~ ‘ct ion lit - C — - i .

5-



1 -tBLE 16

ANALYSIS OF VARIANCE OF
TOTAL FIELD ERRORS

S O U R G I S  a DECREES OF SUM OF ~‘ili -’~\ S1GNIPI L T\ f l .
iO N 

— 
FREEDOM SQUARES SQUARES F LEVEL

1. EXPLRIIcNC1: ~1) 1 1.681 1.681 3.23 .90
2. 1i~ND OCCUP \TI’)\ Jli 1 1.661 1.681 3.23 .90
3. E xl-1 1 0.081 0.681 - -
4. PROMPTIN’ ~l ) 1 0.125 0. 125 — —
5. ExP 1 0.681 0.681 — —

6. HxP 1 0.014 0.014 - -

7. ENTRY MODE M t 2 2.528 1.264 2.4 .75
S. E xM 2 2 . 5~~ 1.264 2 . 1  .75
9 . llxM 2 0 .194 0 .039 - -

10. PXN 2 1.083 0.542 - -
11. TRIAL (T) 2 0.028 0.014 - -

12. ExT 2 0.361 0.181 - -

13. i-{xT 2 2 .52 8 1 .2 6 - 3  . . 4  .75
14. PxT 0 .750 0. 375 — —
15. MxT 4 3.556 0.889 - -

ALL IN’FERACLIONS J31STW~cEN
3 , -

~ AND 5 F-\CTORS
E RROR 45 23.567 0 .  o 2 - 2

TOTAL 71 .11.986

;1-t -\NI) MS1 -\N = 0. -1 St -

- - - - -~~~~S 4 -- - -  - 
~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -
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TABLE 17

ANALYSIS OF VAR I ANCE OF
K E Y i N G  RECOGNITION AND CORRECTION SYSTEM FIEI.D ERRORS

SOURCE OF DEG REES OF SUM OF !‘IISiAN SIGNIFICANCE
VARIATION FREEDOM SQUARES SQUARES F LEVEL

1. EXPERINCE (E) 1 1.125 1.125 3.39 .90
2.  1-lAN D OCCUPATION (H) 1 0. 125 0 .125 - -

3. ExH 1 0.014 0.014 - -
4. PRO MPTING (P) 1 0.014 0.014 - -

S. ExP 1 0.014 0.014 — -
6. I-ixP 1 0.681 0.68.1 - -
7. ENTRY MODE (M) 2 4.000 2.000 6.02 .99
8. Ex 1~1 2 2.333 1.667 3.52 .95
9. 1-lxM 2 0.333 0.167 - -

10. PxM 2 0 .444 0 .222 - -

11. TRIAL (T) 2 0.750 0.375 - -
12. ExT 2 0.083 0.041 - -
13. HxT 2 0.250 0.125 - -

14. P xT 2 0 .528 0 .264 - -

15. MxT -1 1.250 0.313 - -

ALL INTERACTIONS R E . I W I : i N
3, 4 ANt) S FACTORS
= ERROR IS 14.94 0.332

TOTAL

GRAN I) MIiAN = 0.

— — 

~~~~~~~~~~~~~~~~~

--- 
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TABI n 1-s

ANALYS iS OF V A R I A N C E  OF
REAL)lNtL AND INTERP RE t AT IoN FIELD ERRORS

SOURCE d c DE GRE E S OF SUM OF MEAN -1
VARIATION FREEDOM SQUARE S SQUARE S F L1 VLi ~

1. EXPERIENCE (Lt 1 0.056 0.056 - —

2.  I-lAN D OCCUPATI ON (H) 1 0.SSO 0.589 4.05 .95
3. ExI l 1 0. 5-~9 0.889 4 .05  .95
-i. PROMPTING (P) 1 0.222 0.222 - -

5. ExP 1 0.589 0.889 4.05 .95
6. HxP 1 0.500 0.500 - -

7. ENT RY MODE (M) 2 0 .194 0 .097  - -

8. EXM 2 0 . 0 2 8  0 . 0 1 4  - -

9. HxM 2 0 .36 1 0 .1 81  -

10. PxM 2 0.194 0.09~ - -

11. TRIAL (T) 2 0 . S2  0 . 2 6 4  - -

12. ExT 2 0.194 0.097 - -

13. HxT 2 1.361 0.681 3. 11)
14. PxT 2 0 .028  0 .014 - -

15. MxT -1 1.050 0.264 - -

ALL INTERACTIONS BETWEEN
3, 4 AN D S FACTORS
= ERROR 45 9.882 0.2196

TOTAL 71

GRAN D MEAN = 0. 194 

- -- _-—*--———— ---~~~~~- -- ——  
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4 . Analysis of Word Errors

Table 19 summarices the analysis of variance for the tota l word error;
in the high complexity data entry tests. i l o rd  errors have also been broken
down into two subclasses :

a. Keying, recognition , and correction system errors
b. Reading and interpretation errors

Tables 20 and 21 summarize the analysis of variance for class a) and
class b) errors respectivel y.

From Table 19 for total word errors , it cart be seen that experience
and hand occupation are the only significant single factors and that two add i-
tiona l two-factor interactions between experitnL e and hand occupation and
experience and prompting achieve some si gnificance.

Fr om Table 20 it cccii be seen tha t  emmt rv node is the only factor which
is really significant with respect to keying , recogn it ~cti , a icd co r rec t ion  svs-
tern word errors .

Froic fob Ic 21 it c:un be Seen that hand occupation ~nd interact i Of l S

between expe-rience and hand occupation , experience and pronmpt iic ,g, and p r om d cp t ing
and hand occupation all have statist ical significance w ith respect to reading
and interpretation word errors .

F ig ure 19 is a gr a p h of word errors versus entry mode. This graph
shows the t o t a l  errors and the b r e a k d o w n  into class a) and c l a s s  h) word c r i e r s .
The differences between total word errors are not significant , although voice
input had slig htly more of these errors than the other two input modes.

Wi th respect to  k e y i n g ,  recogni t ion , and correc t ion sy stem errors .
there were more than three times as maui  errors for voice i nput is  fo i -  c i t  her
of the other two input  modes , a nd th i s  r e su l t  is si g n i f i c a n t .

~ 01 c-C icm ~ 1ct produced - l P ccii hal t~ as many  r e a d i n g  m m m d  i nt erpret  ci t ion
errors as tic other t a r  cccodes  , ‘ut t h i s  d i  ffcremmce was not grc - , m t  enoug h
achieve statistical s mgcii Licon ce.

I- i gimI c . - 20 5 1 
~ 

lit tote I word errors ver~ tic- ex p e r i e n c e  imcd ha mid
o c c u p a t i o n . c l ie number of’ er rors  for  inexper i c -mi c eO sca H ect  s or Ll f ld  occ ip u t ion
s-mis nearly two and one—half t ~. c uS  mis  g rea t  ic- ~or expert enced s c m h~ ec t  ~nd no
hand occupation resp ect iv e ly .

Figure  2 1 a )  one n )  cn’c- p l o t  s of i n t e r ac t  ions  n e t - is- ec u e \ p c - r i e f l C e  mind
eu , iat t Ion co d between ex p er i en c e  and p r o mp t i n g  i c r  t o t i I w r r d  ei’rci’ s

h and ocemipat ion r i d  no effec t on total word error - W I  th exper i emiced s u b  cc t s
th i f lex pe t ’  I c - i t C c ’ ul sc ih c c e t S  . h cs— -v et’ , 1-mand occuipc m t ion quad rup I ccl the error rd t~C

is compared to  no hand o c c j u  Lou . F m  g ium e 1I) h I  shows t h a t  ~‘ mai  cc  ro ;np t  ing
slight Iv increased the error i’cit e \ s i t L  c~~p e r m e rm c ec1 sub j ects , bu t  grc - l iv d i ’—

- rca c-ed the rate with inexperien ced c - i I ~~ c u t  -
~ 

---,----——- ----~~~~~~ J
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TABLE 19

ANALYSIS OF VARIANCE OF
TOTAL WO RD ERRORS

SOURCE OF DEGR EES OF SUM OF MEAN SI ON 11 -  I LANLE
V A R I A l I O N  FREEDO M SQUARES SQUARE S r LEVEl.

1. E X P E R I EN CE (E) 1 7 . 3 4 7  7 .34 7 5 .4  .95
2 .  UAN D OCCUPAT ION (1-1) 1 7 .34 7 7 .34 7 5 .4  .95
3. EXU 1 7.347 7.347 5.4 .95
4. PROMPTING (P) 1 3.125 3.125 - -

5. ExP 1 10.125 10.125 7.5 .99
6. UxP 1 3.125 3.125 - —
7. ENTRY MODE (M) 2 0.444 0.222 - -
5. ExM 2 2 . 1 1 1  1.056 — —

9 . HxM 2 0.778 0.389 - -
10. PxM 2 2.333 1.667 - -
11. TRIAL (1) 2 0.528 0.264 - -

12. ExT 2 4.694 2.347 - -

13. HxT 2 8.528 4.264 3.15 .90
14. PxT 2 6.083 3.042 - -

15. M~T 3 8.389 2.097 - -

ALL INTERACT IONS BETWEEN
3, 4 AND 5 FACTORS
ERROR 45 60.66 1.35

TO t AL 71 132 . 99

GRAN D ME AN = 0.76 - i  

-- -- - .- ~~~~~ - - - ~~~~~~~~~ - - -- -- - — — - -
~~~~~~

-- - --— -
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TAB L E 20

AN ALYSIS OF VAR IANCE OF
KEYING , RECOGNITION AND CORRECTIO N SYSTEM WORD ERR ORS

SOURCE OF DEGREES OF SUM OF ME,i~j-i S I L N 1 - l L . - \ \LE
VARIATION FREEDOM SQUARE S SQUARES F LEVEL

1. E X P E R I E N C E  (E) 1 1.389 1.389 3.66 .90
2. I-lAN D OCCUPATION (1-1) 1 0.056 0.056 - -
3. ExH 1 0.056 0.056 - -
4. PROMPTING (P) 1 0.0 0.0 - -

5. ExP 1 0.0 0.0 - -
h .  HXP 1 0.889 0.889 - -
7. ENTRY MODE (M) 2 3.694 1.847 4 .S’ .95
8. EXM 2 2 . 0 2 8  1.01-) - -
9. HXM 2 0.528 0.264 - -

10. p,~~ 2 0 .583 0 . 2 9 2  - -

11. TRIAL (T) 2 0.528 0.264 - -
12. ExT 2 0 . 0 2 8  0.014 - -

13. UxT 2 0.194 0 .097 - -

14. PxT 2 0.583 0.292 - -
15. MxT 4 1.556 0.389 - -

ALL INTERACTIONS BlYI~~LEN
3, 3 AND S FACTOR S
= ERROR 45 17.17 0.38

TOTAL 71 29 .278

GRAND MEAN = 0.306

__ _ _ _ _ _ _ __ _ _ _ _ _ _ __ _ _ _ _ _ _ _  

( 
- - —~~~~~~~ -
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TABLE 21

ANALYSIS OF VARIANCE OF
R}iADI\L AND 1NI’ERPRETATION WORD ERRORS

— 

SOURC E OF DEGRE E S OF SUM OF \~J:~~\ S I G N I F I C A N CE
V.-~F [ATION FREEDOM SQUARES 

- 
SQUARES F LEVEL

1 . EXPER IIcNCIc (F) 1 2.347 2.347 - -

2.  1-lAN D OCCUPATION ( I I )  1 o . 12 5  t- . 1 2 5  5.52 .95
3. EXIt 1 8.681 8.681 7.82 .99
3 . PRO MP TING (F)  1 3. 12 5 3 . 125 — -
S. Lxi’ 1 10.125 10 .125 9.1.2 .995
6. HxP 1 7 .347 7 . 3 4 7 6 .62  .95
7. FNTRY MODE ~M ) 2 1.583 0. 70.2 - —

5. EXM 2 0 . 5 2 8  0 .264  - -

9. HxM 2 2 .251 )  1.125 — -

10. PxM 2 0.583 0.292 - -
11. TRIAL (T) 2 0.333 0. 167 - -
12. ExT 2 4.111 2.056 - -

13. HxT 2 6.333 3,167 - -
14. PxT 2 3.000 1.500 - -

iS. MxT -1 3.583 1.396 — —

ALL I N ib P~-\C L IONS BE l NFI ~N
3, 4 AND 5 FACTORS
= E RROR 45 49.82 1 .11

TOTAL 71 111.87 5

O R -\Ni )  ~~ -\N = 0. -I5~

m s

- -  ‘- - 5-
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Figure  22 a) is a Plot of receiiicg and interpretation word errors ver-
sus hand occupation. h and occupation produced four times mi s ma ny errors c _ cs f lu ’
hand o c c c m n c m t  ion. F gure 20 b) shows the I ru t er ccct on between exp er t ence and
hand occupat ion . For exper i enced  sub jec t s , the errors  decreccsei s l i g h t l y  w i t h
hand occupation . For inexper i enced  s u n je c t s , the  errors increased very signi-
ficantly with hand occupation .

Figure 13 ci )  and hi i r e  p l o t s  ct int errict ions between cx ~ eri e f l u ’ - and
prompt ing and b e t w e e n  ami nO occ c ijccct ion m d  : - t ’ oncp t  i ng r ’ - sp e ct  I e e c  (or r ead ini f
and interpretation we H e r r o r s . V o i c e  p r o m p t i n g  produce d many few er  errors
than visua l prompting a i t h  L u i e x p e r l  eu-red suhj eel s , m ind slightly more errors
than visua l pr c ccp t irig a i t h  e x p e r i e n c ed  subj e c t s .  L i k e w i s e , v o i c e  prompting
produced many few-er errors thunc visual procn~ t i n g  w i t h  hands occupied and
sligh tly more than visua l prompting with tue hands unoccup ied .

S. Analys i of  icon Erro rs Before Correct  ion

T co le 22 sununari :es the  a n a l y s i s  of va r iance  for the total word
errors  be fo re  c o r r e c t i o n . I t  cmiii  be seen that  e n t ry  mode is t f l c  o n l y  r e a l i c
significant single factor affecting this measure .

Table  13 sucmima rime s the ana lys i s  of variance fo r’ k e y i n g ,  r ecogn i t i on ,
and correction system (word) errors before correction . Once again , entry mode
is highly si gni fic ci nt ari d there are no other individual factors which are
highly significant .

Table 24 summari :es  the  a na l y s is  of var ian ce  for reading and inter-
p re ta t ion  ( w o r d )  errors he fo m’e correct ion . For this measure , entry mode is
not  si gn fi c a n t , and t h e  one i n d i v i d u a l  f m i c t o r  w h i c h  is si gH f l c a m i t  i s  promp t -
i ng .

Figure 2-) is a graph  of ’ word erro rs hefore correct i on i-cm -si m s entry
ccmouc - . The g raph  shows t h e  otal errors  and the breakdown i n t o  k e y i n g ,  recog-
n i t  ion  c~n u  c on - c t  ion  s y s t e m  errors and into recicl i up and interpretation
er’-ors . The number  of t o t a l  e r ror s  befo re correction is sli ghtlv more ti- can

~rncc’c - as g r - o c m r  f or  vo )ce is for  e i t h e r  oh ’ t i m e  other two entry modes.
The n uccd - c m of kc-y c , Y’c C O g f l i t  i on and Cor rec t  m on system e i’ve n’s for voc Ce in-
put  is u ib o ’ c t  t er’ t I mes : m c ~ g c ’ c - c i t  m i s  t’or e i t h c ’r o n ’ t h e  cit her t w o  ent my modes
he numbe r ui reading end intd- i -prct ition errors c l i  f f er s  very  l i t t l e  b e t w e e n

c u t  rv modes

‘I’he t ’c m r t  that vo i cc i np u t  had ten times mis many k e y i n g .  reCo pic I omm
ir~i correct i on sc -stem e n-u 1 -s mu - t i e  ot l~e m’ two miock s dese i’VeS some comment
Ne i trw r keyboci i d  nor C rci 1’ Pen macme any rcc’ogn it i o n  e nrc i’s nor di ci e i t  her
O e V 1 C C  hove c i  ve ry  large  cent - c- ct l o u  system error rat e due tc)  mis rc - ccm gm üt ion
of the correction system conmmancls . .\ I tc1t ) S~ m m l i  keying e r n - i’s e x c e p t  n u m e r i c a l
k e y  m g  e r r -r i ’ s  we re fu r t h c  rmo u” ,i t cut ed i t i ’  the sV m i t  c i x  e n e c h ’ s of the dc ii - u  e n —
t ry s V stem , m i d  a c rc nc- u i- t C d .  Vii i cc ec u ry . on the cc ice  r - cu d , w c cc ~ i.e l i t  I ye -
v p rone to rec’ogn I I i on d i ’ r 1 c u h cc ,i c -  e l ie t i  I kct ’c-. we re rm I mit t’e lv run e ipe r—

t enced , t rm t in ng i c  milnh mc - c i  ed , and the ,hc ; - i em it rv I m m - - ~ i - is i si m-ess f i t  I on ~ u.-

In Ft gum n I , the thre e pe m’ec ’ui t c iup- rro i ye I icc ’S shu I ch .m ru. p i yen ~or- m c l i  en ry cmi dr - i  mt - 6 ic - cd  U~ Ofl i i i  - t 1 ) 1 c m ii t i c - t h e  n ol so m a t  c - c  o u en I eyed t ’v all

_ __ _ _ _  — -~~~~- -
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TABLE 22

ANALYSIS OF VARIANCE OF
TOTAL WORD ERRO RS BEFORE COR R ECT ION

SOCR C Ic OF DEGREES OF SUM OF ME AN S I G N I F I C A N C I :
VARIATION FRE E DOM SQUARE S SQUARE S F LEVE L

1. EXPERILNCiI (F) 1 0.056 0.056 - -

2. HAN D OCCUPATION (H) 1 16.056 16.056 - -

3. EXH 1 0.300 0.500 - -
4. PROMPTING (P) 1 29 . 389 29 .389 4.00 .90
5. ExP 1 -1 .500 4.500 - -
6. flxP 1 1.389 1.389 - -

“. ENTRY MO DE (M) 2 295.028 1-17.514 20 10 .99998~ ELM 2 4 .09-1  2 . 3 4 7 - -
9. HxM 2 20. 361 10. 181 - —

10. PxM 2 10.028 5.01-1 - -
11 . TRAINING (T) 2 23.028 11 .514  - —
12. ExT 2 2.094 1.341 — -

1 3. HxT .2 73.861 36.931 5.03 .93
14. PxT 2 10. 194 5.097 - —

15 . MxT 4 52.556 13.139 - -
16. Ex}lxM 2 50.583 25.292 3.45 .95

ALL 1~~l’E~~ CT IONS BEl)cFLc
3, 4 AND 5 FACTORS
ERROR 45 330. 270 7.330

TOTAL 71 8 7 4 . h c ) S

(I RAND ~E AN = 2. 039
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TABLE 23

A N A L Y S I S  Oi~ VARIANCE OF
K E Y I N G , R E C O G N I T I ON AND CORRECTION SYSTEM ERRORS BEFORE CORREC’I’I ON

SOURCE OF DECREES Q[: SUM OP MEAN SIGPI  I c I C A N L i .
VARIATION FREEDOM SQUARES SQUARES F LEVE l

1. EXPERIENCE (F) 1 1.h81 1.681 - -

2.  hlAN I~ OCCUITVr ION (H) 1 7 34 7. 347 — —

3. ExI t 1 15. 123 13 . 125 4 .34  .95
4.  PRO MP TING (P )  1 S o I l  5.014 — -

5. ExP 1 0.5- 17 1 , 34~ - —

0. t l x l t  1 0. 125 (I . 125 — —

7. ENT RY MODE (M) 2 2 86 .694  14 3 . 3 4 7  41 99 . 99999
S . ExM 2 -4. 525 2 , 2 m 4 - —

9. }t ,xN 2 31. Sol 15.051 4 . 49 .95
10. PXM 2 6.02 5 5 . 0 1 - )  - -

11. T R A 1 N I N C  ( 2 15. 111 9 . 0 5 6 2 . 5 9  .90
12 , ExT 2 0. ~7~’ 0.389 — -

13. l-f x l’ 2 1 7 .4 4 4  5 . 7 2 2  2.50 .90
14. P x l  . 10. 111  5. 05o -- -

15 . Mxl ’ -l S i . h39 7 .9 10  2 . 27  .90

A l l . IN  l l :R- \ ( : t  JO\S  D E l  ~VLL\
3, 4 \N ii s j c \(  ~~~~~~~

= E RROR 4 3 i 3 u . 9 8 3  ~. - -i S~)

TOTAl. 7 1 soc . 317

5’ = I .  54 7

- — - - - -‘ - — ‘ - — — - - — -——- —.-- —
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TABLE 24

ANALYSIS  OF VARIANCE OF
READING AND INTERPRETATION ERRORS BEFORE CORRECTION

SOURCE 0i~ DLG RIi ES OF SUN OF MEAN S I P N I I I C r V . f L
VARIATION FREEDOM SQUARES SQU A RE S F LI c VI: I ,

1. E X P E R I E N C E  (E)  1 0 .66 1 0.681 - -
2. HAN D OCCUPATION (H) 1 2 . 3 4 7 2 .3 4 7 - -

3. ExH 1 11.681 11.681 6.49 .0.’
4. PROMPTING (P) 1 11.681 11.681 6.49 .93
5. ExP 1 8.681 8.681 4.82 .93
6. HxP 1 1.681 1.681 - -

7. ENTRY MO DE ~M) 2 1.694 0.847 - -

8. ExN 2 2 . 5 2 8  1 .204  — -

9. HxM 2 5.86 1 2.931 - -

10. PxM 2 1.36 1 0.681 - -

11. TR,-\INING (1) 2 1.025 0 .514  - -

12. ExT 2 2 .525 1.264 - —

13. HxT 2 1.0 2 5  10 .5 1- )  5. 5-1 .99
14. PxT .2 0 . 528  0 .2 0 4  - -
15. MXT 4 10.639 2 .660  - -
10. EXHXP 1 7 .347  7.34 7 4 .08 .95

ALL INTERACTIONS BET WEEN
3, 4 AND 5 FACTORS
= ERROR 45 81.042 1.80

TOTAl. 71 164.986

( ; D-\p l  MLA.N = (1. ~(- -4 

_ _ _
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subjects using that mode . These ire not e r ror  rates per u t terance  as were
me asured in t iu c ’ l h i g h  Speed D at e  En try Test , and that part ic ill y accounts for
the h i gher numerical val ues. Since each co r r ec t ed  word r e q u i re s  two a d d i t  ion-
al utterances when a b a c k sp a c e  co rr ect i on  is used and possibly an entire
string of utterances when an er ase  cor r e c t i o n  is used , thc- actual error rates
per  u t t e r a n c e  are probably on the order of 10 to  15% lower than these figures
would indica te.

F i p u r e  25 is a p lo t  of read ing  mind i n te rp r e t a t i o n  erla m u: heterL’ cor-
r e c t i on  versus prompting. I’he addition of voice p rompting to visua l promp t-
ing can be seen to reduce the inc idence  of t i -mis  type  of error to about one-
th ird .

6. Analysis of Correction System Errors

Table  25 s u m m a r i z e s  t h e  an a ly s i s  of v a r i a nc e  f o r  cor rec t ion  sy s t em
errors . The erroi’s counted here acre  c i l w m m v s  cor rec ted  before  f m  u c c m l  v on -

fucation . There m a y  have been .u res errors after correction w h i c h  cou ld  have
hee n a t t r i b u t able to correct ion system problems , but the~-’ were not broken
down in the error counts and consequently are not included in this data. From
Fab le  25 , it can he seen that entry mode and an interaction between han d o c c c c -
pation and entry mode both have statistical si gnificance with respect to cor-
rected correction-system word errors .

Figure 20 a and 26h are plots of correction system errors versus entry
mode and versus an i n t e r a c t i o n  be tween  entry mode and hand o c c up a t i o n . l’here
were 22 such errors with voice input , five with keyboard and only one wi th
Graf Pen. Eighteen of the 22 vo ice input errors occurred w i t h  hand occupation.

7. Analysi s of R ej e c t s

T ab l e  2m ~ su mmar izes  the an mm lv s i s  of v a r i a n c e  for t o t m i l  c-vstc ’c: c re~ c - c t  s
i n  tEe hiph complexity data ent ry tests. iintrv mode was bare l c-’ si gn if i c c c m nl 01

the  0. 9))  l e v e l .  Hand occupat ion was s ign i  f ic a n t  a t  the  0 .99  leve l

Fi pc m re 2 i s  - i  p l o t  of t h e  num ber of r ej e c t s  v e n s us  en t ry  iniOcl c’ . ~cice
r m t i u t , t : u m ~ 5 )  r e u~ - t  s , k e r n o c i r c i  had 30, and Gr mif Den had 20. Fi gu re 2Th i i i c c -
st n- ct ~‘s tb -ic u-c at i inshi p between hand occupation mind the r ej e c t  r c m t  e . bl and
occ 1 )- ;i t ion re~ i I ted i it .c’out two and one—half t i cc-c- s as mmm v i’eiCci: - i t s  no
m-, - i r ~ i occ ic’ ci c - m o:n , c tie Dec that the i nterac t  ion Oct ween hand occ’up m t t i on min d
Ci i ’~ rv ;cod - I ~ rm r t i p i c  c i i  cant m d i  cut c’s that thu i x 15 gc’mm c ’ rut I I I i’ m e P u  r mill
turee en~ rc m; iu ,dt_ ’,. 

__ _
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‘i’ABLE 25

ANAL~SIS OF VARiANCE oh :
CORRECTED CORRECTION-SYSTEM WORD ERRO RS

SOURCE OF [i l :GRL ES OF SUM OF ~2AN SIG~Ti:ICANch
VARI ATION FRE EDOM SQUARES SQUARES F LEVEL

1. EXPERIENCE (E) 1 0.500 0.500 - -

2. HAND OCCUPATION (H) 1 2.000 2.000 3.85 .90
3. ExH 1 1 .389 1.389 -

4. PROWlING (P) 1 0.056 0.056 - -

5. ExP 1 0 . 2 2 2  0.222  - -

6. bIxP 1 0.056 0.056 - -

7 . ENTRY MODE (H) 2 10.36 1 5.181 9.9o .999
8. ExM 2 1.083 0 . 5 4 2  - -
9. ilxM 2 6.250 3.125 6.01 .99
10. PxM 2 0.194 0.097 - -

11. TRIAL (T) 2 1.86 1 0.93 1 - -

12. ExT 2 0.083 0.042 - -

13. UxT 2 0 .583 0 . 2 9 2  - -
14. PxT 2 0 . 194  0.097 - - -

13. MxT -1 2 . 8 89  0. ‘22 - -

A I .L  INTERACTIONS BETWEEN
3, 4 AND 5 FACTORS
= ERROR 45 23.4 0.52

TOT AL 71

G RAND ME AN = 0.389
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‘l’ABLE 20

ANALYSIS 01: VARIANCE OF
REJ ECTS

SOURCE OF DEGREES OF SUM OF MEAN SIGNIFICANCE
VARIAT ION FREEDOM SQUARE S SQUARES F LEVEL

1. EXPERIENCE (E) 1 0.222 0.222 — —

2. blAN D OCCUPATION (Ii) 1 26.889 26.889 8.36 .99
3. Exl-I 1 0.222 0.222 - -

4. PROMETING (P) 1 0.889 0.889 - -
5. ExP 1 3.556 5.556 - -

6. HxP 1 0.0 0.0 - -

7. P TRY MODE (H) 2 15.528 7.764 2.12 .90
a. ELM 2 14.694 7.347 - - -

9. HxM 2 1.861 0.931 - -

10. PxM 2 15 .194 ~~597 - —
11. TRIAL (T) 2 11.194 5.597 — —

12 . ExT 2 3.694 1.847 - -

13. HxT 1.194 0.597 - -
14. PxT 2 3.028 l .5 4 - -

iS. MxT -I 14.639 3.660 - -

ALL INTE RA CT ION S BETWEEN
3, 4 AND 5 FACTORS
= ERROR 45 1 4 4 . 2 3  3 . 2 1

TOTAl. 71 259.111 -)

GRANI) MEAN = 1. 389 
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Sect io n IV

DISCUSS I ON OF RESUL iS  AN ) )  CONCLUSIONS

A. Discussion of 1-ISDE Test Results

The High Speed Data Entry te:;ts were a ;-;oesure of data entry performance
in a s irip le data copying problem. The subj ects we i.e skilled techni cmii and
o f fi c e  employees , most of whom were familiar with office machines such as
typewriters , but who were not hi ghly trained for these particular tests.

Three different performance measures were analyzed; average time per
correct chcmracter , error rate (after correction) , and error rate before cor-
rection . Error rate after correction is the operational error rate if it is
assumed that verification and checking arc- allowed before the dat a is actually
entered. Error rate before correction is indicat i ve of the basic error r:cte
of the entry device and the problem setting and would be the error rate in ci
system which did not allow for verification .

1. Entry Speed Comparisons

~~th respect to average time per corre ct character , a number of in-
teresting statistically si gnifican t results were obtained.

Keyboard was clearly the fastest ent ry device , requi ring an ;cveragc-
of 29% less time per correct character than voice , and 22~ less time than
Graf Pen . It is important to note that most of the 1 keyboard subjects were
familiar wi th the l;cvout of ti e lcevs and two wene expert typists. In the Hi gh
Complexity Data Entry test , we have found that for subjects who are not fami l-
iar wi th the layout of the keys , keyboard tends to he a very slow entry de-
vice. For this kind of test and for subjects with some experience , however ,
keyboard is a fas t and accurate  dat a entry device .

A Graf Pen working in the menu mode is not as fast pci’ character as
cm ~c - v O o m r d  being used by a subj ect cci tS some typing skill , since the Graf Pen
f a rce :;  the  opera to r  to  work , at h e a t , l i k e  a o n e - f i n g e r ed typ i s t .  The Gra f

‘ en ~~~~~ b oc”evun - , r ega in  t he  ad vantage i f  i t  were being used to en te r  en t i I ’ d’
wi th ‘any stroke from a well organi :ccl menu as compared t a typing cut m i d

words or mul l i c h i r i u t c i - abh n’ c v i a t i o n s  of wor d s on t h e  ke vbmmmm m ’cl .

V o i c e  a m;- las ter per chmiract e r t han  the  m i v e r m m g e  t imes P~’~ c o r n e d
chmm ract e r would i na icete. A factor that slows down vo i ce en try  is the re-

~u ire m ent  to  correct erro rs . I t  is possible to obtain le ss than 1~ em-r uT
rc i t e s  w i t h  t h c ’ V IP— 100 vu ice recogni:er  when sim b i ects who mire f u l l  t r m m i n e d
.m ic: not striving f -mr maximum entrY spec~ui , and when t h i c - s vs t c iii i t  sc 1 t~ i s
t r i m  ned with ten repet it ions p e r  a and , i n  t)m is experiment , h i m ’ c V C  r , t h u c ’
suhj ect s we rc’ m in imal 1~’ tra m nc- i  maxi idun c entry speed acis the ob~ c’ct ice , and
only fiv e repet it ions per icord we i ’ c- - c - ’ - )  l’or t reinin g the vu ice input system .
Consequently, the error n :mtes went up to 2 or 3 .  Since lice smmhj ec t s  we re
also s t r i v i n g  for ac c ’ m i i -; m c -v , t hey i i i )  i s t o p  cu d i c a a c  c o n n e c t  ion ~ ah en ev e n -
the recognizer made cm error. bbic’ inc to make Ih c 5~ c i’ l’e , I  ion s  s i g m i i t i  —
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cant lv m m icr emise d the :mver :m gd ’ cOt I~V t inc . Sonic subj  ect s d i d  i m i m i m i m i g e  t o  f t  nd mci i
opt i mn um n c’l lt  ry speed l s a m e w h m m m t  he low max i mum spe ed)  wh i ch res c m l  t ed  i n ci l o a n  i
erro r rate and hence , a hi gher  o v e r a l l  e n t r y  ra te , hut variabilit y introduced
into the voice input response time by errors in the  ~r io r i ty  i n t e r r u p t struc-
t ure made it difficult for most subjects to perform this kind of optimization.

One of the :lreatest surprises of ti -me test is that the addition of
voice  response fe e db a c a  to  v i s u a l  feedback had no s i g n i f i c a n t effect on the
speed of da ta  en t rY , end in  f c c c t , o~cly affected hi gh speed data entry by pro-
ducing higher er-i-o r rates unde r some circumstances . ‘i’his result was surpris-
ing sinc e conceptually , voice response feedback would seem to provide the ad-
vant age of freeing the eyes from the v e r i f i c a t i o n  process. In practice , how-
ever , the vo i ce response unit which we used had two problems (neither of w h i c h
was necessarily inherent to it is mi p articular voice response unit . Firs t
it was too slow . I f  ci f e e d b m i c k  device  is to he use fu l  for  h i gh speed da ta
entry , it must he f i s t .  Ti -mere is mm reason to doubt that any voice response
system could he fmmst enough for feedback in hi gh speed data entry , but s ince
we definitely did riot t e s t  a fast VRU , our da ta canno t be used to suppor t
this conclus ion . The second problem with the VRU which ice used was t h a t  i t
had a snu m i i  sichopt m u m  vocabulary . The words wh i c h  were used for e n t r y  m ind
verification of alphabe tic data were dictated by the VRU and were neither emL ay
to remember nor particul arly natural for enter of alphabet ic d l c m t a .

A second surprising result was that hand occupation had no overall
s i  grm i fi c :mnt e f f e c t  on speed of c lan  a en t ry . In i n t e r a c t  ion w i t h  cOt n y  no de
hand occupation did prov ide  some discrimination since it slowed down Gra f Pen
more than keyboard and was ;mcco mpanied  by an increase in entry speed for v o i ce
inpu t.

Hand occup ation had ve rc littl e effect because i t  a c t s  too s imp le
a task. This was demonst rated by the f;mct that the requi rement  t o  push but-
tons affected entry speed differentl y for differen t types of data. For cml-
phanuine ri c i npu t  or inpu t  of l0—chctracter—l ong strings (for ccnich pushing
t he  ~—j e t o n s  consumed o n l y  a smal l  f r ac t i o n  of the total time ) pushing the
h : t t o n~ in c r e a s e d  t h roughpu t  s l i g h t l y (p ossibh ’  b’~ improving  r h y t h m  or : m d i i n g
d i c i p l i n e  to  the ou t  re t a s k ’!. For the  c m m s e  of shor t  n u m e r i c  input  s t r i n g - -
for w h i c h  t h e  t i me to push t i m e  bu t  tons was a more si gni t~ can t f r ac t i m u m  of

the t o t  - i i  t i m e ) , t h e  pu shbut  tons reduced the through put is expect Od i .

The experimental fictor with the hi ghest st a tistical S i gni fi c .mn ic t ’
w e - c  the dmmt mi cut rv ~‘h : i r u c -t c ; r -e l l:nt ry t inc sew 25’~ l es s Put ’  n u m e r i c  -~ i~~ - m
t i c - m n  i t  acts  f o r  aiphanum e ri c chat ci , One reason for this m s th: mt ci anti icr
vocah mii :mr v r echm mc e- - the t ime to  find keys or C m -m t  Pen menu b ee t  m a n s , or  Id’
recall Vo ice entry code word- - . -\ second reason is that the Sma l icr V c -~ .0
1 :iry red lic cea the error rate and ;m— .-o c i ated co r r ec t i on  t i me i i ’  m achi i nm ~
mmd human erro rs .

-\ final factor s ic  i ch mm t t S - C t d - ~ L e n t r y  speech a - mi s  t ic -  - c m l  0 -

r c i c t c -  T St r i n g s  . 0vc~ rm i 11 l i i —  r h i  emi ct  e - 
- c t  r i ng s requ i red I I

m m e ter t h a n  3— c - i c - c  r ae  t e r s r i m i ~’s - I he l i e  th i t  I om ; ~ i i l l ’ I -
t m mt! ly less ovc ’ n -h n e c i c l  t i m e  l i i -  i m ’ r m  t l c c i t  ion t h a n  c h u m - i
t h i s  d i  f’fe rnnce , b i t  this of feet is part i mi Iv c .m i m c ’d’ I 1 0.

So

- w-- -
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strings cannot be memorized as a whole and must be entered in three or more
separate parts.

These effects are demonstrated more clearly by considering the (sig-
nificant) interaction between string length and input mode . For voice input ,
the verification process involved speaking an additional word which consti-
tuted a substantial overhead for 3-character strings . For keyboard and Graf
Pen input , verification introduced somewhat less overhead for 3-character
strings . On the other hand , entry of 10-character strings can be accomplished
by voice without breaking the string into parts and can be accomplished by
keyboard without losing touch with the keys , but cannot be accomplished on
Graf Pen without requiring at least partial reorientation to the menu loca-
tions. As a result , voice input time was substantially less for 10-character
strings than for 3-character strings ; keyboard time was slightly less , and
Graf Pen time was actually slightly greater for 10-character strings .

2. Operational Error Rate (Errors After Correction)

The only two parameters which had significant overall effect on erro r
rate were the data string length and the data entry alphabet (character set).
The effect of string length was trivial , however, since it was significant
only for string errors. For these errors, the error rate was roughly propor-
tional to the string length , as would be expected.

The effect of character set was more interesting. The error rate
was approximately twi ce as high for alphan umeri c data as it was f o r  numeri c
data for both character errors and s tr ing erro rs . In addition , there was a
sign i ficant interact ion between the alphabet and entry mode. For alphanumeric
data , the operational error rate was lower for voice entry than for either
keyboard or Graf Pen . For numeric data, however, the error rate was lowest
for keyboard entry, slightly higher with Graf Pen and substantially higher
for voice.

Let us now consider why alphanumeric data had a higher overall error
rate and favored voice input , while numeric data had a lower overall error
rate and favored keyboard and Graf Pen input.

Operational errors consisted of two principal components; display
reading errors , and entry device (recognition or keying) errors. For alpha-
numeric data , the display reading errors were substantial , and consisLed of
confusions between I and 1 , and S and 5, and occasional data deletions . These
errors occurred frequently with both keyboard and Graf Pen entry since with
these devices the subj ects ’ eyes were occupied with finding keys and menu
positions . On the other hand , voice entry resulted in a lower reading error
rate, probably because voice entry does not require use of the eyes. With
all numeric data, confusion between similar characters was not likely and
the predominant errors were recognition and keying errors . Since the recog-
n i t ion  error rate for vo ice is h igher than the key ing error rates for keyboard
or Graf Pen , voice entry had the hi ghest error rate with this type of data.
Consequently, it appears that since voice data entry frees the eyes as well
as the hands , it has the effect of reducing the number of uncorrected reading
errors . If the data entry alphabet is complex or the system is one that would

87

_ _ _ _ _ _ _ _ _ _ _  
—4



give rise to reading errors for other reasons, voice entry has an accuracy ad-
vantage. If reading errors are not a problem , voice entry loses its accuracy
advantage by virtue of its higher recognition error rate.

Feedback mode had no significant overall effect on operational accu-
racy but it did have a significant interaction with alphabet. In particular,
the addition of voice response feedback substantially degraded operational
accuracy for alphanumeric dat a but produced a slight improvement in accuracy
with numeric data. It is possible that the limited vocabulary of the voice
response unit may have caused this effect. For numeric data, the voice re-
sponse unit fed back the names of the characters directly as displayed. For
alphabetic data, however, the VRU fed back a set of almost arbitrary words
that were related to the characters only by their fi rst letters . The resul ts
ind icate that this kind of loosely related feedback can do more harm than good.

3. Errors Before Correction

Errors before correction may have little relationship to the output
error pattern of a data entry system , but they have substantial bearing upon
the internal design and the efficiency of the system. For example , entry
mode was not significant with respect to errors after correction since all
three entry devices had about the same average error rate. It was signifi-
cant with respect to errors before correction, however, because voice input
had about twice the error rate of the other two devices. In addition, roughly
two errors were being corrected with voice input for each error which remain-
ed after correction.

Hence, one explanation is provided for why voice input was not as
fast as the other two entry devices. It was strikingly clear to the author
when observing the HSDE tests that a maj or factor affecting speed of entry
with voice input was the requirement to correct recognition errors . Further-
more , the frequency of correction was only part of the problem since often in
the process of making corrections with the voice input system, further errors
were generated either by naisrecognition of the correction commands or by mis-
recognition of the new entry data. It seemed that errors begot errors , pos-
sibly because of the disturbing effect that they had upon the subjects in
the relatively high pressure environment of the tests. Conversely , the
effects of minor improvements in basic recognition performance would tend to
be magnified into even greater improvements in overall system performance.

One other interesting result with respect to errors before correction
was that the addition of voi ce response feedback had vir tual ly no effect on
the error rates for Gra f Pert or voice entry , but increased the error rat e by
a factor of five for keyboard entry . We believe that the low speed of the
voice response unit may have contributed to this higher error rate. The voice
response un it  was so slow relative to the keyboard that almost all subj ect s
typed ahead of the feedback and tried to ignore it. It is possible that hear-
ing the names of previously entered characters spoken while trying to enter a
new character may have produced confusion that resulted in reading , memory ,
and keying errors .
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B. Discussion of HCDE Test Results

The high complexity data entry tests were a measure of data entry perfor-
mance in a complicated data entry setting in which the subject ’s ability to
interpret an English language statement and convert it to a series of data
entry fields had as much effect upon data entry performance as did the raw
speed of the data entry system.

The subjects were skilled technical and office employees and were di-
vided into two classes depending upon their experience levels with the parti-
cular data entry device . The subjects were not highly trained for these par-
ticular data entry tests , however , so that the experiment is indicative of
performance rates which would be achieved by casual users of a data entry
system. With more training, the relationships between some factors would
possibly change and the overall performance levels definitely would improve .

Six different performance measures were analyzed; entry time per word ,
fie ld errors , word errors, word errors before correction , corrected correction
system errors, and rejects. In addition , the field and word error measures
were broken down into reading and interpretation errors, and keying, recogni-
tion and correction system errors.

1. Entry Speed Comparisons

Overall , voice was the fastest entry mode in these tests. Graf Pen
required an insignificant average of 5% more time per word than voice , and
keyboard required a highly significant average of 29% more time per word.
There was, in addition , a very significant interaction between entry mode and
subject experience . For experienced subjects , the three devices were nearly
identical in speed. For inexperienced subjects , the entry time increased
only 5% for voice and 14% for Graf Pen but jumped 56% for keyboard . The sig-
nificantly higher entry time for inexperienced keyboard subjects is an indi-
cation of how difficult it is to search for characters on a completely unfa-
nu.liar teletypewriter keyboard. The time di fference was also magnified by
the fact that all of the non-numeric entry words required two characters on
the keyboard but only one entry with voice or Graf Pen.

It is interesting to consider why the Graf Pen didn ’t require more
time per word than It did , since it had a 43 word menu that was completely
new to both experienced and inexperi enced subjects . The Graf Pen times were
not particularl y high , primarily because the menu was organized specifically
for the particular data entry problem being tested. At each stage of the
data entry process it was only necessary to find the data row indicated by
the prompting messages and then to scan that row for the proper entry .  I f
the Graf Pen had been set up as a light pen with only the applicable segments
of the menu being displayed at each stage of the entry hierarchy , its entry
time almost certainly would have been reduced further , since the requirement
to interpret prompts and search for data rows would have been eliminated.

In a like manner , it is probable that both voice and keyboard entry
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would have been faster if instead of prompting with names of dat a fields ,
prompting had been done by displaying lists of the acceptable input responses
at each entry stage. The advantages of this approach would , of course, de-
crease as the length of the lists increased .

Hand occupation affected entry speed in these tests in a generally
predictable way . The 3.5 second button pushing requi rement increased entry
times s ign if icant ly  on an overal l basis. As in the case of the hi gh speed
dat a entry tests , hand occupation had the greatest effect with Graf Pen (a
30% time increase) , less effect with k eyboard (a 20% increase) and the least
effect with voice (a 9% increase) . With no hand occupation , Graf Pen was
faster than voice in these experiments , but by a statistically insignificant
amount.

In these tests, voice response was used for prompting but was not
used expl ici t ly  for feedback . On ce again , voice response surprisingly failed
to make a s tat is t ical ly significant overall impact on entry speed. It did ,
however , achieve significance in interaction with entry mode . The addition
of voice prompting increased entry time for voice input by about 18% , had
virtually no effect on keyboard , and decreased entry time by about 9% for
the Graf Pen .

Voice response prompting slowed down voice data entry because most
subjects waited for the VRIJ to stop talking before they would start talking.
The subjects never seemed to be compelled to try to achieve higher throughput
by getting ahead of the VRU as they did in the high speed data entry tests,
possibly because entering data per se was only a part of the total problem
in these tests. Here again , a much faster VR(J would have provided a perform-
ance advantage.

On the other han d, with keyboard and Graf Pen input , no one hesitated
to enter dat a while the voice response unit was talking. It was also clear
that the Graf Pen subj ects were actually using the voice response unit to
relieve them of the requirement for reading prompts and verifying non-numeric
entries.  Keyboar d subj ect s didn ’t generally find the VRU as useful because
visual prompting was more conveniently located for them than for the Graf Pen
subjects and because experienced keyboard subjects did not have their eyes
ful ly occupied by the task of finding keys .

2. Operational Errors (Errors After  Correction)

Errors after correction were analyzed in terms of field errors and
word errors . Generally,  these two ways of looking at the errors p roduced
simi l ar results , except that since each number in a numeric field was counted
as a separate word there were more word errors . In particular , out of a total
of 1080 test sentences there were 35 field errors and 55 word errors .

We have further subdivided the counts of f ield and word errors into
two classes , which we wi l l  simply call  recognition errors and reading errors .
Recognition errors actually consisted of all key ing , recognition , and correc-
t ion  system errors . Reading errors consisted of all  reading and problem in-
terp retat ion erro rs . Most of the errors which were counted as word errors ,
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but were not counted as field errors were classified as reading errors since
these were the kinds of errors which occurred primarily with numeric fields.
For s impl ic i ty, the remaining discussion in the section wi l l  app ly exclusively
to the counts of word errors. The relationships for field errors do not differ
substantially.

There were no significant differences in total word errors between
th . three entry devices . There were , however, about four times as many recog-
nit ion errors with voice input as for the average of the other two entry modes
and this result was statistically significant. On the other hand, keyboard
and Graf Pen produced an average of slightly more than twice as many reading
errors, but this result was not statistically significant. Overall , reading
errors outnumbered recognition errors by a three to two ratio.

These results are consistent with the results from the high speed
data entry tests , in that the three devices produced about the sante number of
operational errors except that voice entry produced mostly recognition errors
and the other two devices produced mostly reading errors .

Both experience and hand occupation had significant average effects
on word errors. The error rate was about 2.5 times greater for inexperienced
subjects than for experienced subjects , and was also about 2.5 times greater
with hand occupation than without han d occupation. These differences were ,
moreover , completely related through an interaction . I-land occupation arid
lack of experience by themselves produced low error rates , but the combina-
tion of hand occupation and inexperience resulted in nearly a fourfold in-

F crease in error rate. This relationship was true for total word errors and
for reading errors but not for recognition errors .

A similar interaction existed for experience and prompting. The
error rates were relatively low for all combinations of these two variables
except for the case of inexperienced subjects using visual prompting. This
combination resulted in about a threefold increas e in total  errors and read-
ing errors.

Prompting and hand occupat ion also interacted strongly with respect
to reading errors . The combinat ion of visual prompting and hand occupation
resulted in about a five to one increase in error rate as compare d to the
other three combinat ions of these two variables. This result was not t rue
for total  word errors or for recogn ition errors .

These interactions may or may not be meaning ful . They are al l  sig-
nificant at the 0.95 level or higher , but since the total number of errors
is so small , the performance of one or two subjects could easily bias the
overall results. It does seem clear, however , that inexperience, hand occu-
pation , and lack of voice response prompting had a tendency to increase read-
ing and in terpreta t ion errors . The nature of the interactions , furthermore ,
indicates th at there may have been a threshold effect . Any of the adverse
conditions by themselves did not result in increased error rates , but a l l  con-
hinations of two adverse conditions gave rise to substantial increases in
reading error rates.
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3. Word Errors Befo re Correction

Word errors before correction provide an indication of the basic
error performance of the entry systems . These errors were also broken down
into two classes; keying, correction system, and recognition errors , and
reading and problem interpretation errors .

The primary factor which was si gn ificant with respect to total word
errors before correction was entry mode . Voice entry had about four times
as many errors before correction as either of the other entry devices. Fur-
thermore, voice entry required correction of more than fi ve errors for every
error that remained after correction .

The primary factor which was si gn if icant  with respect to keying , re-
cognition , and correction system errors was, once again, entry mode. Voice
entry produced nearly ten times as many of these errors as either of the other
devices . This difference occured because neither keyboard nor Graf Pen made
any recognition errors. Almost all keying errors , except numerical keying
errors , were furthermore detected by the syntax checks of the data entry sys-
tem and were rejected. Hence , the keying and recognition error rate was very
low for these devices . Voice entry , on the other hand , was relatively prone
to recognition errors since in thes e tests , the talkers were either completely
inexperienced or only moderately experienced, training was abbreviated (only
five samples per word with little retraining), and the data entry task was
relatively stressful .

The only individual factor which was significant with respect to
reading and interpret ation errors before correction was prompting. The add-
ition of voice prompting to visual prompting reduced the incidence of this
type of error to about one- third . Evidently , the additional prompting helped
the subj ects to determine wh i ch data fields they should extract at each entry
point . This is one of the few situations in which voice response has provided
the exact advantage which would be expected of it.

4. Corrected Correction System Errors

Entry mode , hand occupation and an interaction between entry mode
and han d occupat i on were the on ly factors which were significant with respect
to corrected correction system errors. Voice had about four times as many of
these errors as keyboard and about twenty times as many as Graf Pen , which
only had one such error.

Correction system errors were easily observed by the author while
conducting the tests. Hum an errors and machine errors relative to the use of
the backspace and erase commands were particularly disconcerting with voice
input because they reduced the .y  rate , and often con fused the subj ect so
much that he would make further recognition or correct i on system erro ie
correct ion system was very clear for Graf Pen entry (a back arrow for - . -..

space and the word eras e for erasing the entire entry) . The correction system
was not as clear for keyboard (rubout for backspace and sh i f t - rubout for era-
sure), so that its slightly higher error rate might have been anticipated.
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For voice input , the words backspace and erase did not mean the sane things to
all subjects and were often erroneously used , particularly by experienced sub-
jects who were accustomed to other words for these functions . In addition ,
since both words were acceptable to the syntax at almost all times , there were
numerous false recognitions of those words . False recognition of the erase com-
mand near the end of art otherwise correct message was part icularly disconcerting.

The correction system error rate with voice input was about four
times higher with hand occupation than it was without hand occupat ion. Since
voice was the only entry node which allowed the hand occupation requirement to
be fulfilled while data was being entered, the higher incidence of correction
system errors during han d occupation could be art indication of additional
stress produced by simultaneous voice data entry and hand occupation .

5. Rejects

The most significant experimental factor affecting the reject rate
was hand occupation. Hand occupation resulted in about two and one-half times
as many rejects as no han d occup at ion . The fact that the inte raction between
hand occupation and entry mode is not significant indicates that this is gen-
erally true for all three entry modes. Hence, it appears that hand occupation
produced a form of stress which resulted in a greater incidence of il legal or
garbled entries.

The differences in reject rate for the three entry modes were barely
s ignif icant .  Voice had about fi f ty rej ects , k eyboard had thir ty , and Graf
Pen had twenty. Voice and keyboard may have produced more rejects than Graf
Pen because they had mult iple  reject modes . Voice would reject on erroneous
entries or misrecognition of the correct entry. Keyboard would reject on
erroneous entries or if either keystroke of a two-letter entry was in error.
Graf Pen would reject only on an illegal entry.

C. Capsule Summary of Results

1. HSDE Tests

a. Entry Speed

Keyboard was the fastest device overall (most subjects had at
least some keyboard experience) ; Graf Pen was slower; voice was
the slowest.

Voice response feedback added to visual feedback had no si gnifi-cant e ffect on entry speed.

The instantaneous two-handed pushbutton requirement had no sig-
nificant overall effect on entry speed , hut did slow Graf Pen
entry sli ghtly, keyboard somewhat less , and actually was accom-
partied by a slight increase in voice entry speed.

The greatest slow-down effect from hand occupation was with entry
of 3- character numeric strings.
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Alphanumeric entry required 25% more time than numeric ent ry and
was the most significant experimental factor affecting speed.

Overall, 10-character strings were entered faster than 3-character
strings. The difference was the greatest for voice input, and
less for keyboard. For Graf Pen, entry of 3-character strings
was slightly faster than entry of 10-character strings.

b. Operational Error Rate

Long strings had higher string error rates than short strings.

The alphanumeric data set had about twice the error rate of the
numeric data set.

For alphanumeric data, voice input had a lower error rate than
keyboard or Graf Pen. For numeri c data , voice had a hi gher error
rate than either keyboard or Graf Pen.

The addition of voice response feedback degraded accuracy for al-
phanumeric data, but had little effect on numeric data.

c. Errors Before Correction

Voice input had about twice the before correction error rate of
either keyboard or Graf Pen.

Voice response feedback had virtually no effect on the before
correction error rate of voice input or Graf Pen but increased
the error rate five-fold for keyboard.

2. HCDE Tests

a. Entry Speed

Voice and Graf Pen were fastest in this test. Keyboard required
29% more t ime per word than voice. The higher time for keyboard
was all attributable to inexperienced subjects. For them, input
time was 56% greater than for experienced subjects.

Hand occupation slowed Graf Pen most, keyboard less and voice
least, and had a significant overall effect on entry speed.

Voice response prompting had no significant overall effect but it
slowed input by voice significantly, slightly increased entry
speed for Graf Pen and had no effect on keyboard.

b. Operational Error Rate

There were no significant differences between the three devices in
total operational errors, but voice had mostly recognition errors
while keyboard and Graf Pen had mostly reading errors.

The combination of inexperience and hand occupation greatly in-
creased the operat ional error rate , mostly due to reading errors .
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The combination of inexperience and lack of voice prompting
greatly increased the operational error rate- mostly due to
reading errors .

The combination of hand occupation and lack of voice response
prompting greatly increased the operational error rate for
read ing errors only.

c. Errors Before Correction

Voice input had about four times as many errors before correction
as either of the other two entry devi ces , primarily because it
had about ten times as many keying , recognition and correction
system errors.

The before correction reading and interpretation error rates
of the three devices were not significantly different.

The addition of voice response prompting reduced the reading
and interpretation error rate by a factor of three.

d. Correction System Errors

Voice input had four times as man y of these errors as keyboard
and twenty times as many as Graf Pen.

Most of the correction system errors with voice input occurred
with hand occupation .

e. Rejects

Han d occupation increased the reject rate by a factor of
two and one-half.

D. Conclus ions

I. Voice Data Entry

Voice data entry has demonstrated some advantages in these tests
which go beyond the obvious advantages which it has when the hands are fully
occupied. In a s imple  data copying scenario which was prone to reading
errors , i t  provided a lower error rate than keyboard or Graf Pen . In a
complex data entry scenario requiring substantial mental and visual effort ,
it provided a higher throughput than keyboard , particularly with inexper-
ienced subjects. In both cases , the advantages accruing from voice input were
almost certainly related to its ability to free the subject ’s eyes fro m the
task of f inding keys or menu locations .

Voi ce entry also had some problems . In a simple task involving
copying of alphabetic and/or numeric characters , the isolated word recognition
system could not compete with keyboard or Graf Pen in terms of entry speed.
Voice entry speed was limited by the requirement to pause between words , h’~
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additional small de l ays due to a software error , by its relatively higher
error rate , and by the relatively great diff icul ty associated with correction
of errors . For alphanumeric dat a , the lower speed was compensated to some
extent by the greater entry accuracy which voice provided , but for numeric-
only data , Graf Pen and keyboard were superior to voice in both entry speed
and accuracy. For voice to provide an advantage for simple numeric data entry,
either the hands would h ave to be very busy or recognition would have to be
provided for rapidly spoken continuous digits .

In the high complexity scenario , voice entry had a relatively hi gh
but not excessive error rate before correction . Voice entry proceeded smooth-
ly in comparison with the other two entry modes , was on the average faster ,
and had an ins ign i f ican t ly  hi gher error rat e after corre ction . A lower basic
error rat e , however , would almost certainly have made voice entry even faster
and would have provided an even greater demonstration of the advantages of
“eyes free” data entry in a complex scenario.

The conclusions which derive from these results include the obvious
recommendation for reducing the error rate and response time of voice data
entry systems. In addition, however, these results suggest that an undue
emphasis on voice as a hand-freeing data entry mode may be obscuring its pos-
sibly more important advantages as an eye-freeing, mind-freeing, data entry
device which is particularly suitable for use by individuals without keyboard
training.

If, for example, it were possible to combine some simple manual con-
trol functions with the voice input process and thereby increase both recog-
nition accuracy and response time, the improved data entry performance would,
for many applications, substantially outweigh the disadvantages imposed by
the requirement to use the hands. In particular, these experiments have
shown that correction system errors contribute substantially to the entry
time and higher error rates for voice input. Hence, the simple addition of a
set of well marked correction keys to work in parallel with the spoken cor-
rect ion commands could produce a sign ificant improvement in error rate and
entry speed for inexperi enced users . Other functions which could be put under
manual control include the verification command and possibly even the signals
which indicate the boundaries of the words to be recognized . This latter
possibility could conceivably provide some of the same speed advantages as
would be provided by a continuous speech recognition system, but at a much
lower cost.

2. Keyboard Entry

These experiments h ave indicated that keyboard provides rapid , accu-
rate data entry of simple strings of characters when used by subject s with
some keyboard experience . For entry of smal l vocabularies of words , it loses
some of its speed advantage as comp ared to voice or numeric oriented entry
because of the requirement for striking several keys per word. It also suf-
fers a remarkable reduction in speed when used by totally inexperienced sub-
jects. In this respect, it differs from voice or Graf Pen entry , since for
those devices totally inexperienced operators were not much slower than oper-
ators with hours of experience .
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Keyboard accurac: was adversely affected in these tests by the addi-
tion of character-by-character voice response feedback , because the feedback
was too slow to keep up with the entry device and the subjects were confused
by the feedback of previous ly entered character names .

The correction system commands used for keyboard entry in these tests
were sli ghtly ambiguous , so that some correction system errors were made . Key-
board data entry systems which provide for instantaneous correction or deletion
of data should have clearly marked easily accessible keys for those purposes .

3. Menu Data Entry

Menu data entry in these experiments was not quite as fas t as keyboar~ifor entry  of s imple  st r i n g s  of characters , probab ly because menu data entry was ,
at best , lik e “one-fingered” typ ing. For dat a entry of pr imari ly words in a
mo re complex scenario , however , the menu was faster  than keyboard for inex-
perienced users . Menu entry was accomplished in is case by single strokes
on a menu t a i lo red  specifi cal ly  to the  entry scenario.

In both data entry tests , han d occupation caused a greater speed re-
duction for menu data entry than  for keyboard or voice input , probably be-
cause part of the entry system had to be transported back and forth between
the menu and the hand occup at ion pushbuttons in the menu mode but not in the
other  modes .

In the h igh  c om p l e x i t y  data entry test , voice response prompting
s l i g h t l y  increased entry speed for menu entry . I t  did not increase entry
speed for the other two devices .

Correction system errors were a lmost  non-existent  for menu entry ap-
parently because the correct i on system menu markings were se l f -exp lana tory ,
graphically related to the function s they performed , and easy to find.

Menu data entry could he highly recommended for situat ions involv-
ing entry of medium sized vocabul aries of words in either a simple or a com-
plex scenario with no han d occupat ion and with availability of voice response
prompt 1n~z .

.\ ~ :;~rh ei’ refinemen t which would almost certainly improve the speed
and a c c u r ~~. t’ meni ~ data entry would be to display the menus on a CRT , andto confi gure th~ ~;e1ection system to work in a light pen mode . This would
allow for variabl e menus and larger vocabularies and would probably obviate
any requi rement for voice response prompt ing.

4. Voice Response

Vo i ce response feedback of individua l characters in the s impl e  dat a
ent ry tests had no s i g n i f i c a n t  effect on entry speed , and no significan t
ove ra i I effects on ent ~ accuracy. This feedback did , however , have a sub-
stantial negative effect on accuracy of alphanumeric data entry . It also pre-
duced a large increase in the number of errors before correction for keyboard
entry.
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Most of these effects are related to the relatively slow talking
speed and limi ted vocabulary of the particular VRU that was used in these
tests. The addition of voice response feedback had no effect on entry speed
because the VRU was slowe r than any of the entry devices , but was fully buf-
fered so that the subjects could continue to enter data even though the VRU
had not finished talking. With keyboard input , the subjects went much faster
than the VRU and left it far behind. We believe that the high error rate be-
fore correction with keyboard input and voice response feedback may have re-
sulted from h~ a r in g  feedback of past data while entering current data. The
high erro r rate for alphanumer ic data relati ve to numeric data probably re-
sulted from the choice of feedback words . For numeric data , the words were
the numbers themselves . For alphabetic data, the words were related to the
alphabetic data only through correspondence of initial letters .

In the high complexity data entry tests , voice response prompting
had no significant overal l effect on entry speed but did affect speed dif-
ferently for different entry modes. It reduced voice input speed sub~~.an-
tially because the subjects stopped entering data when the VRU was tai~ ing.
The ‘/RU did not affect entry speed by keyboard and increased entry speed
sl ight ly for Gr af Pen.

Voice response was decisively beneficial in these tests only in ~ts
effect on reading and interpretation errors in the high complexity data entry
tasks. It had a strong tendency to reduce such errors both before and after
correction . This affect was the one clear demonstrat ion that voice response ,
like voice input , can free the eyes from at least one of the burdens of the
data entry task and can thereby improve data entry performance. The fact that
voice resp o~se only showed this advantage in the prompting mode agrees with
Hammerton ’s conclusion that instructions should be heard and data seen.

S. Hand Occupation

These experiment s have provided some surpris.~ng results with respect
to han d occup ation . fland occupation does tend to favor voice input , but the
advantages are only significant when the hand occupation time is a substantial
fraction of the total entry t ime . A momentary hand occupation task alterna-
ting ~ith ~;everal seconds of data entry is virtually insignificant in dis-
criminating entry modes .

In addition to slowing data entry by keyboard and Graf Pen , hand oc-
cupation tended to increase certain kinds of errors for all entry devices.
In the high complexity data entry tests , addition of hand occupation seemed to
be a stress factor wh ich increased reading and interpretation errors and the
reject rate for all three entry devices. In addition , for voice input , hand
occupation greatly increased the number of correction system errors.

Hammerton , M., “The Use of Same or L)ifferent Sensory Modalities in Infor-
mat ion and Instructions” , Royal rcaval Personnel Research Coimnittee Report ,
December 1974, AD-A026857.
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AUTOMATIC DATA ENTRY ANAL Y SIS EXPERIME NT AL DAT A

The experimental data for the high speed data entry tests is tabulated
in Tables A-l through A-4 .

The experimental data for the high complexity data entry tests is tabu-
lated in Tables A-S through A- 16.
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TABLE A- 1

______ ____ 

HSDE RESULT S - AVERAGE TIME PER CORRE CT CHARACTE R 
________

TEST HANDS VOICE
NO. MODE ALPHABET 

- 
LENGT H OCCUPIED RESPONSE Ti T2 T3

N 2.~~1 L 79 ~~gp

______ ________ 

y 4.27 2.39 1.81
3 N 1.86 1.28 1.10
4 

N y 2.59 1.93 l.9~N — 
N 1.21 .84 .78

6 “ Y 1.48 1.34 1.11
7 10 N 1.64 2.12 1.14
8 V N Y 1.73 1.18 1.60
9 — N 2.52 2.14 1.81
10  Y 2.48 2.17 1.71
11 N 2.01 2.67 2.14
12 A/N _______ 

N 2.73 2.32 1.98
13 N 1.89 l.39 _ 1.33
14 “ Y 1.56 1.29 1.79
is 10 N 2.11 2 .03 _ l .90
16 N Y 2 .80 1.50 1.77
17 N 1.23 1.11 1.09
18 “ y 1.92 2.09 

- 

1.06
19 N 1.24 .98 .88
20 N _______ 

N y .99 
— 

.89 .90
21 N 1.30 1.20 1.07
22  y 1.16 .86 .81
23 10 N 1.07 .99 1.00
24 K N y .96 ~~72 — 

.66
25 N 1.73 1.28 1.13
26  Y 3.41 1.72 _ i.31
27 N 1.68 1.48 j_l.40

I 28 1 A/N _______ 

N Y 2.51 1.97 Ll .72r 29 1 N 1.28 1.17 ~ _ 1.19
30  Y 2.15 1.24 1.25
31 10 N 2.09 1.71 1.46
32 N 1.84 1.31 1.08
33 N 2 .29 1.74 1.5 1
34 

‘
~
‘ 

Y 1 1.40 1.44
35 N Th .95 .97

U 36 N 1T~~ L21 1.15
37 

N N 1.45 1.32 1.59
38 

‘1’ 2.20 L 2 4  1.23
39 N 

N 2.16 =1.22 :1.38G 1.98 1.28 1.21
4 1 N 2 .07 2.18 1.51
42 

‘
~
‘ y 1.92 Th .75  1.88

_____ - N 
N 2.86 2.12 _ 1.93

A/N — ____  Y _ 1~~ L _ l. 49 l~ 3L
45 

~
, 

— 
N 2.32 _2 .03 — _ 1 .98

46 
_________ 

Y 1.90 2.23 1.85
47 10 N 2.16 1.82 1.63

- 1.91 1.85 1.62

A-2



— — — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - ~~~~~~~ ~~~~~~~ - -~~~~~

TABLE •-\— 2
______ 

USDE RESULTS - PERCENT CORRECT CHARACTERS 
_______ ________

TEST — HAN DS 
- 

VOICE
NO. MODE ALPHABET LENGTH OCCUPIED RESPONSE TI T2 T3

_  -~~~~ _ __ _

1 
~
, N 93.33 100 100

2 
3 ________ 

Y 100 ~~7.33 100

N 
N 100 100 100

4 
________ _________ 

1 100 100 100N N 100 100 98
6 0 _________ 

Y 100 100 100

V 
1 

N N 99 97 99
8 

_ _ _ _  _ _ _ _  _ _ _ _  
Y 94 98 98

9 
~

, N 100 100 100
10 

________ 
Y 97.33 100 98.66

11 ,
~

, N ~ 97.33 98.66 100
12 

AJN 
________ 

Y 101) 98.66 97.33
13 N 9Y 100 99
14 

_______  ~~~~~~~~~~~ ~~~~ ______  ______

15 10 N 100 99 98
16 

— _________ ________ 

N 1 100 99 100
17 ,

~

. 

— 
N 100 100 100

18  Y 96 100 100
19 N 100 100 100
20 N _______ 

N io~ 100 100
21 N 00 100 100
22 1 

‘
~
‘ 

100 100
23 10 r N 00 100 100

— -
~~~~ K N Y 100 100 100
25 N 100 100 100
26  Y 93.33 97.33 96
27 N 103 98.66 98.66
28 A/N _______ 

N V 97.33 97.33 98.66
29 

- 
N 97 100 100

30  1 99 97 100
31 10 N ~~ 100 99 100
32 N y 90 100 100
33 

~
, N 100 100 100

34  Y 100 100 100
35 N 100 100 100
36 N Y 100 100 100

N 
N 100 100 100

38 ~
‘ 

“ 100 100 100
39 10 N 90 •~)9 99G N Y 100 00 100

L 41 N 98.66 97.33 100
42 

‘1’ Y 97.33 100 98.66
43 N 93.33 98.66 100
44 N 97 •33 92 9t

_____ — 

N 98 100 99 
—

Y 9() 99 99
47 10 N 100 100 100
48 N Y 99 100 100

A —  3

________ I
_____________
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TABLE A- 3
______ 

USDE RESULTS -_ PERCENT _ CORRECT _CHARACTER_STRINGS 
________

~~TEST 
-

~~~~~~~~~ 

________- HAN DS VOICE
NO. MODE ALPHABET LENGTH OCCUPIED RESPONSE Ti T2 13
1 

~

, N 88 100 100
2 

_ _ _ _ _  _ _ _ _ _  
100 92 10033 N 100 100 100N4 

_______ _________ 
Y 100 100 100 

—

N
______ 

N 100 100 90
Y6 

_________ 
Y 100 100 100

107 N 90 70 90V N8 
_________ _______ _________ 

Y 60 80 90
9 N 100 100 100Y10 

_________ 
Y 96 100 96

311 N 92 96 100
N12 A/N _________ 

V 100 96 92
13 N 90 100 90

Y—j-;~
—— 

_________ 
Y 90 90 90

1015 N 100 90 80
N16 

_________ ________ _________ 
Y 100 90 100

17 N 100 100 
- 

100
V18 

_________ 
V 92 100 f~0319 N 100 100 100N20 N _______ _________ _______ 100 100 - 100

21 
— 

N _ 1~~~_ 100 100Y- 

22 
_________ 

V 100 100 100
10 — —  _____ _ _ _ _ _

23 N 100 100 100K N24 
_________ ________ _________ 

Y 100 100 100
25 N ~0O 100 100Y26 

_ _ _ _ _ _  
Y 80 92 88

327 N 100 96 96
N28 A/N ________ _________ 

Y 92 92 96
29 N 70 100 100

Y30 
_________ 

V 90 70 100
10 -_________ ________ ________ ________

31 N 100 90 100
N — ___ _ _ _  _ _ _

32 
_________ ________ _________ 

Y 60 100 100
33 

— 
N 

— 

100 100 100Y34 
_________ 

Y 100 100 100
335 N 100 100 100

N36 
_______ _________ 

V 100 100 100
N37 N 100 100 100

Y38 
_________ 

Y 100 100 100
1039 N 70 90 90C N40 

_________ _______ _________ 

Y 100 100 100
4! N 96 92 100

Y42 
_________ 

Y 92 100 96
343 N 80 96 100

44 
________ __________ 

Y 92 84 88A/N - _______ _________ ________ _______ _______ _______

45 N 80 100 90Y46 
___________ 

V ~‘o 0 ( 1  90
10 -—

~~~~~~~~~~~~~~~~~~~~~~ 
___ — _____

47 N I 100 100 100
N 

- - 
—i ~ i 00 10048 _ _

A- -1

- -

~

- --- -- - 
I.  

- _ _



TABLE A-4
HSDE RESULTS - PERCENT WRONG CHARACTERS BEFORE CORRECTION (PER W’TERANCE)
TEST 

-— HANDS VOICE
NO. MO DE ALPHABET 

- 
LEN GTH OCCUPIED RESPONSE Ti T2 T3

I 
— 

N 4 .5 2 .59 .86
2 - 

1 .93 2.83 0

N 
N 6.83 0 - 0

______ _______ ________ _________ 
6.50 3.63 2.72

N N 1.48 1.75 1.81
6 

________ 
V 1.63 1.58 .87

10 N 2.45 6.85 0.9
8 N Y 6.72 2.67 4.2

_ _ _  
N 0 0 0

10 
_________ 

Y 4 .72 3.51 2 .77
11 N .97 5.30 3.70
12 A/N _______ 

N 1 4 .88 4. 59 1.92 
-

13 N 6.15 2 . 5  4.06
14 

________ 
V 0.83 .9 2.45

15 10 N 2.45 1.69 6.55
16 N Y 1.40 .9 1.73
17 N 0 0 0
18 

________ 
Y 2.94 1.75 0

19 N 0 0 0 
-

20 N _ _ _ _ _  

N 
.98 0 .98 ,

21 N 89 0 0
22 

- 

‘
~
‘ 

3.31 2.58 .89
23 10 N .89 0 - 0
24 K N Y .85 0 0
25 N 0 0 0
26 

‘
~
‘ 

V 5.45 3.77 3.0
27 N 0 1.0 1.0
28 A/N _______ 

N -Y 2 .80 1.98 .99
29 N 2 . 7 2  0 .89
30 

_________ 
1 5.11 2.72 0

31 10 N .84 169 0
32 N Y 5.80 .89 0
33 N 0 0 0
34 

_ _ _ _ _  
1 _ 0 0 0

35 N 0 0 o
36 N o~~ o 0

N N 0 0 2 .38
38 

_ _ _ _ _  
Y i.~~7 0 0

39 10 
N N 10.56 . 84 2.10

40 G Y 3. 79 3.76 2.5 6
41 

~

, N .90 4.91 1.88
42 

_________ 
1 1.98 .96 .9 1

43 N 5 .0  1.0 0
A/N _______ 

N Y 2.0 6.~ 2 .97
45 

~

, N 1 .81 1) .9
46 Y 3 2.52 .9
47 10 

N 
N .87 0 1)

48 
- ___ — - - 

V -9 . 89 0

- - -- -- - 

_ —I 
- .  -- - - -  /~~~~~-~~~~~--- , 

j
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TABLE A-S

HCDE RESULTS - ENTRY TIME PER WORD

TEST MODE PROMPTING HAND EXPER-
NO. 

_____ 

MODE OCCUPATION IENCE Ti T2 T3
1 E 2.47 _1.35 _1.39
2 

___________ 
I 2.17 1.84 _1.82

3 
Vi E 3.13 2.35 _1.72

4 
__________ ___________ 

I 2.49 2.56 1.80
V E 2.64 2.20 2.07

6 - 

N I 3.66 2.20 2.16
7 VO E 3.30 2.07 1.83
8 

______ __________ ____________ - I 2.85 2.38 2.00
9 E — 

2.21 1.72 1.48
10 N I 4.15 3.19 3.14
11 VI E 3.56 2.68 ~~~~~
12 

‘i” 
I 4.26 3.68 3.27

13 K E 2.38 1.99 1.58
14 N I 3.89 3.18 3.12
15 VO E 3.32 2.41 2.05
16 “ I 4.40 3.48 3.19
17 

- 

E 2.34 1.91 1.58
18 N I 3.04 2.56 2.43
19 E 3.01 2.61 2.20
20 

__________  
I 3.28 2.55 2.34

21 C E 2.17 1.67 1.47
22 N I 2.21 1.79 1.48
23 ~,O E 3.03 2.60 2.04
24 

_____ __________ - 
I 3.56 2.92 2.35

A- 6 

- - -~~~~-— - - —  - -- - - -.- - -  — - -- - _____--- -

~~~~~~~~~~~~~~~

--



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

TABLE A-6

HCDE RESULTS - TOTAL FIELD ERRORS

TEST MODE PROMPTING HAND EXPER-
NO. 

_____ 

MODE OCCUPATION IENCE Ti T2 T3
1 E 0 0 2
2 N 3 0 1
3 VI E 1 0 0
4 

_ _ _ _ _ _  _ _ _ _ _ _  
I 1 2 

- 

1
5 V E 0 0 0
6 vo 

N I 0 0 2
7 E 0 _ _ _ _  0
8 

_ _ _  _ _ _ _ _  _ _ _ _ _ _  
I 2 0 2

N E 0 0 0
10 I _____________ 

I 0 1 0
11 V E 1 0 0
12 

___________ _____________ 
I 1 2 0

13 K 
N 

— 
E 1 0 0_

14 
~o _____________ 

I 0 0 0
15 E 0 2 - 0
16 

_______ ____________ ______________ 
I a _________ 

0
17 E 0 o 0
18 N 0 0
19 VI E 0 i 0
20 

___________ _____________ 
I 1 0 1

21 G 
N E 0 0 2

22 
______________ 

I 0 0 0
23 VO E 0 

- 

0 1
24 

_ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _  
I 1 2 0

A— 7

2 -~~~



- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~— ---- —
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TABLE A-7

HCDE RESULTS - KEYING , RECOGNITION AND CORRECTION SYSTEM FIELD ERRORS

TEST MODE PROMPTING HAND EXPER-
NO. 

_____ 
MODE OCCUPATION IENCE Ti T2 T3

1 
N E 0 0 _ _ _ _

2 
____________ 

I _3 ............ 0 1
3 VI B 

. 0 0
4 

_ _ _ _ _  _ _ _ _ _ _  - 
I 1 1 0

5 V E 0 0 0
6 N I 0 0 2
7 VO 

- 
B 0 1 0

8 
_ _ _  _ _ _ _ _   

I 2 0 2 
—

N 
F 0 

- 

0 0
10 

I _________  

_
I 0 1 0

11 V E 1 0 0
12 

____________  
I 0 _________ 

p
13 K 

N - 
B 1 0 p

14 o - 
I 0 _ _ _ _  0

15 V B 0 
_______ 0

16 
_ _ _  _ _ _ _ _   

I 0 0 ~~~017 N E 0 ________ ________

18 
_ _ _ _ _ _  - 

I 0 0 _ _ _ _

19 VI E 0 0 0
20 

___________  
I 0 0 _________

21 C 
N B 0 0 ________

22  I 0 _ _ _ _  _ _ _ _

23 VO B 0 _______ 1
24 

______ ___________  
I 1 1 

_________

A- 8 

--- --- -~~~---- ------- - _ - - - _ _ - - - - - —-—--------- - - - -
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TABL E A-8

HCDE RESULTS - READING AND INTERRPRETATION FIELD ERRORS

TEST MODE PROMPTING HAND EXPER-
NO. 

______ 

MODE OCCUP ATION IENCE Ti T2 T3
1 N 

— 

E 0 0 1
2 VI  I 0 0 0
3 E 0 0 0
4 

_ _ _ _ _   
I 0 1 1

5 V E 0 -  0 0
6 N 

i 0 0 0
7 VO — 

E 0 0 0
—

~

.-— 
_______ ____________  

I 0 0 0

N E 0 0 0
10 

______________ 
I 0 _0 0

ii VI 
0 0 0

12 
_____________  

I 1 2 0
13 K 

N 
E 

_ _ _ _  _ _ _ _  _ _ _ _

14 
______________ 

- - I 0 0 0
15 VO E 0 2 

_ _ _ _

16 
_______ ____________ ______________ 

I o ________ 0
17 

N 
E  0 0

18 VI _____________ 
I 0 0 0

19 E 0 1 0
20 

G _ _ _ _ _ _  
I 1 - 0 1

21 N E 
- 0 0 2

22 
_____________ 

I 0 0 0
23 

1 0 0 0
24 

______ ___________ _____________ 
I 0 1 0

A- 0 

~~~~~~~~-~~~~~~~~~~~~~~~~~~~~~~~~~~~ -- - -- -_ - -  -



-
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TABLE A— 9

HC DE RESULT S - TOTAL WOR D ERRORS

TEST MODE PROMPTING HAND EXPER-
NO. MODE OCCUPATION IENCE Ti T2 T3
1 E 0 0 2
2 N I 3 (~) 

- 
1

3 VI 
~~

. B 1 1) 0
4 

_ _ _ _ _ _  _ _ _ _ _ _ _  
I 2 4 

- 
1

V E 1) 0 0
6 N I 0 1) 2
7 Va - 

E 0 1 0
8 

‘I’ I 2 0 2
9 E 0 0 

- 
U

10 N 
~L 2 0

11 VI E 1~~~~~~~~~ 1) 
— 

0

12 
__________ ___________ 

I ~~~~~I 5 0

13 K E I 0 0
14 N 1 0 0 0
15 Va B 0 3 0
16 

— 
1 0 1) 0

17 E 0 0 0
1 1 8  N - 

0 0
19 VI F 0 1 0
20 

_ _ _ _ _   
1 S 0 2

21 
_ _ _ _ _ _ _  

1) 0 s
22 N o 0 0
23 

- 

F 0 (1 1

24 
__________  

J 1 2 0

A- 1 ( 1  

- .-_ - -— ---- _ _  _ _ _  _ _ _ _ _  _ _ _ _



_ _ _ _ _ _- - - .- ----- —~~~~~~~~- - - ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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TABLE A- 10

HCDE RESULTS - KEYING , RECOGNITION AND CORRECTION SYSTEM WORD ERRO RS

TEST MODE PROMPTING }jfiJ~j D EXPER-
NO. 

_____ 

MODE OCCUPATION IENCE Ti T2 T3
1 N E 0 0 1
2 

_ _ _ _ _ _  
I 3 0 1

3 VI E 1 0 0
4 

_ _ _ _ _ _  _ _ _ _ _ _ _  
I 1 

- 
1 0

5 V F 0 0 0
6 N I 0 0 2
7 Va E 0 1 0
8 

_ _ _  _ _ _ _ _ _  _ _ _ _ _ _  
I 2 

- 

0 2
9 E 0 0 0

10 N I 0 2 0
11 VI E 1 0 0
12 

___________  
1 0 0 0

13 K 
N 

- 

E 1 0 0
14 o  I 0 0 0
is V — 

E 0 0 0
16 

______ ___________  
1 0 0

17 
N 

E 0 0 0
18  I 0 0 0
19 VI E 0 0 0
20 

_ _ _ _ _   
I 

- 
0 0 _ _ _ _

21 C 
N E 0 0 0~~~~~22  I 0 0 0

23 Va 
- 

E 0 0 1
24 

______ ____________  
I 1 1 0

A- 1 1

- —~~~~~~~~~~~~~~~~ --- - - -~~~~~~~~~~~ - -~~-— -- - - ——-—-- -—- -_



— ~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

TABLE -\— 1 1

HCDE RESULTS - RI1AE)ING AND iNTE 0J~RETATI0N WORD ERRORS

TEST MODE PROMPTING 1-lAN D EXPER-
NO. MODE OCCUPATION IENCE Ti T2 T3

N 
E 

- -
O 

- - 

1 
-

2 
vi 

_ _ _ _ _ _  
I j p 0

3 
— 

E _ o 
_ _ _ _  0

4 
____________ ______________ 

I 
______ 

3 1
5 V 

N E 0 0 0
6 vo  I _ 0 0 0
7 

— 
E 0 0 0

_ _ _  _ _ _  ______ —-_____ I 0 0 0

N E _ 0 0 0
10 VI -~~~ 

I 
- 

0 1) 0
11 E 0 0 0
12 

____________ ______________ 
1 S 5 0

13 K E 0 0 0
14 N 

0 0 0
15 VO F 

- 
0 3 0

16 
______ ___________ ____________ __________ 

0 0 0
- 

F 0 0 
- 

0
~~ 181 N i 0 0 0VI —-— - 

F 0 1 0
2 0 t  -_____ ___ I 

— 
5 0 2

T2f 1 C F 0 0 5
~~~~~~ - 

N 1 0 0 0f , ~~~1 ~O I) 
_ _ _ _ _  _ _ _ _ _I — —___  ______ ______

24 
___________________ 

1 0 1 0

A - 1.

-- . 
— - -  - - - - - - -~~~~~~~~—~~~~~~~~~~~~~~~~- --- ---
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TABLE A— 12

FICDE RESULTS - TOTAL WORD ERRORS BEFORE CORRECTiON
A

TEST MODE PROMPTING HAND E%i’ER-
NO. 

_____  

MODE OCCUPATION IENCE. Ti T2
1 E 

_________ ________ 
1~

2 N I 4 1 10
3 VI E 17 6 0

4 
_ _ _ _ _ _   

I 5 
_

11 4
5 V F 3 1 1~~~~
6 N I 12 0
7 VO — 

E 11 6 3
_!_ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _  . I 6 3 2

N E 0 0 1
10 

_ _ _ _ _ _ _  
I 2 3 1

11 VI E 1 (1 0

12 
_____________ _______________ 

I 5 5 0
13 K E 1 1 0
14 N 

0

15 E 2 4 0
16 V i 0 0
17 E 2 1 4
18 N 1 0 0 3
19 VI 13 0 1 0
20 1 1 5 1 3
21 C F 1 (1 6
22 N — o o 0
23 VO F 

- 

0 0 1
24 V 1 2 0

A- 13

- - -- --- -—~~~~~~~ —— - --
~~~~~~~~~~

- —
~~~~~~~

-- -— — — — - - - - ~~~~~~~~
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0~ 0i . ~~ ~UL1S — R E A I ) 1 \ C  A~\ 0 I N T L  jiJ ~ ~
j
~~A i I ON ~.Ok0 LLRUkS BEFORE CORRECTION

TE ST MODE PROMPTING HAN D EX PEi~-
NO. MODE OCCUPATION IEN CE TI 

- 
T2 

- 
13 

—
1 

—

~~~~~~~~~ 
() 0 -~

2 N 0 ~~~~0 
_ _ _ _ _

3 VI F 0 0
4 

- 
I 1 3 1

S — 

F 0 0

6 1  N I - 
2 o 

_ _ _ _

7 E 2 
— 0 

— 
0

A - i I 

-— -~~~~~~~~~~~~-———~~~~
—--—-— —- _ - 1~ —- -
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TABLE A-14

1ICDE RES U LTS - KEYING , RE COGNITI ON AND CORRECTI ON SYSTEM
WORD ERRORS BEFORE CORRECTION

TEST MODE PROMPTING HAND EXPER-
NO. MODE OCCUPATION ’ IENCE Ti T2 

— 
T3

1 E 2 2 8
2 N I 4 1 5
3 vi E IS 6 6
4 

_ _ _ _ _ _  _ _ _ _ _ _ _  
I 4 8 3

5 V F 3 1 1
6 N io 0 4
7 Va E 9 6 3
8 Y I 6 3 2
9 E 0 0 1

10 N I 2 3 
_________

11 VI F 1 0 0
12 

___________ _____________ 
I 0 0 0

13 K 
N 

F 1 1 0
14 

________________ _____________ 
0 0 0

15 VO E 
_______  

1 0
16 

_ _ _  _ _ _ _ _ _  _ _ _ _ _  
I a 0 

_ _ _ _

17 N F 0 0 1
18 

_____________ 
I 0 0 3

19 VI F 0 0 0
20 

_________ _____________ 
I 0 0 0

21 C — 

N F 1 0 0
22 

______________ 
I 0 0 0

23 F 0 0 1
24 

______ ______ _____________ 
I I 

- 
1 0

-\ - iS 



-“ -C - ~~~~~~~~~ - -  - — C - ~~~~ ~~~~~~~~~ - ---- - - - - - - —

‘lAo A— iS

~o:io RESULTS — CORRECTED CORRECTION SYSTLM WORD ERRORS

TEST MODE PROMPTiNG HAND 
- 

EXPER- r r
NO. 

______ 

MODE OCCUPATION IENCE I Ti T2 T3
1 

- 

N 
— - 

E 0 1 
— 

0

2 I 0

3 VI 
F 1 1 2

4 V -_______ _______- —

5 V 
- - 

F I 
—~~ _ _ _ _  _ _ _ _ _ _

6 N
VO —-__________ ________- 

-
7 .

~

, E - 1
8 

________ _____________ _______________ 
1 2 

— ___________

9 
- 

1; 0 I ) 
—

10 N 1 2 
_ _ _ _ _  

a
11 VI E 0 (1 (1

12 U 1 
- 

0 0
13 K —- 

F 0 1 0
14 N 

0 0 0
15 VO 

- ~~~~~~~~~~~~~~~~~~~~~~~ 2 0 0
16 

______ ___________ ___________ — 
0

17 1.
18 N 

-

19 VI —— 

-- I 
_____ _______ _______

20 
— 

1 
—- 

0G I

L 22 1- 
23 F 

______ 
I )  

—

I — —
~~~

———-—— ______—24 
—- 

I j - i 
—- ________- _______

~-\ 1( ~ 

. - . -- . -  --- ~~~~  J -~ ~~~~~~~ -- - -_---- ---
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IABLL A—it )

HCDE RE SULTS - REJECTS

TE ST MODE PROMPTING HAND EXPER-
NO. 

______ 

MODE OCCUPATION JENCE Ti T2 T3

1 N E 2 3 
- 

I

— ---
~~—- ___________ 

I 1 2 1

3 F 8 
_________

_ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _  
I 1 2 0

5 E 0 u 
_ _ _ _

6 
__________  

1 3 0 (1
7 

VO E 1 2 2

8 
_ _ _  _ _ _ _ _ _  _ _ _ _ _ _  

I 2 4 1

N 
F 0 0 1)

10 
____________ 

1 3 1 0
11 VI F 2 0 2
12 

____________ _____________ 
I 6 2 I

13 K E 1 2 _ _ _ _

14 vo 
N i _ _ _ _ _ _  _ _ _ _ _ _

is E 4 
___  _ _ _ _ _ _

16 
_ _ _  _ _ _ _ _ _  _ _ _ _ _ _  

1 2 _ P 2

17 
N 

E 0 0 0
18 

vi 

____________ 
I 2 0 0

19 F 0 2 _________

20 _________ —_________ I 
_______  _______  1

21 C F 1 0 1 
—

22 N 
0 _ _ _ _  0

~~~~~23 VO 
E 

_ _ _ _ _ _  _ 1 1
[ 2 4  

_ _ _ _ _ _  _ _  _ _ _ _ _ _  
[ I 1 10 1

\ - 1 7

— —--- — — ------—- - - - - / a
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Appendi x B

DESC R IP TION OF THE VIP-100 VOICE RECOGNITION SYSTEM

The VIP-100 automatic speech recognition system is a product of Threshold
Technology Inc. , 1829 Unde rwood Boulevard , Deiran , New Jersey 08075 . The VIP-
100 recognizes words spoken in isolation and can be automatically adapted for
different speakers and/or vocabularies . The system can be trained on-line and
provides , as an output , a digital code which can be used to enter data into a
computer , retreive stored information, or control machine operations.

The basic VIP-100 system consists of four units ; a preprocessor , a mini-
computer , an output display and a Telletype. The prep rocessor accepts the
speech input from the microphone and converts it to logic signals which are
then processed by the (Nova 1200) minicomputer.  The computer compares the
input signal with stored re fe rences to determine which , if any , of th e vocabu-
lary words were spoken. If a correlation is found between the input speech
and one of the vocabulary words , an appropriate message will be sent to the
output display ; a reject indicator will be lighted if no correlation is found.
The Teletyp e is used for control , and for input and output functions.

Befo re an operator uses the V IP - l O0 in the recognition mode , the system
is f irst  optimized for the par t icular  vocablary and for the operator ’ s manner
of speak ing by the use of a training routine. The operator speaks several
utterances of each word during training. After training, the VIP-100 can
recognize the chosen vocabulary word s when they are spoken by the operator
that trained the system. It is not oecessary to retrain the system each time
a different  operator uses the system since the t raining data may be stored in
computer memory or on punched paper tape . The appropriate tap e with the stored
data can be read into the system whenever the operator or vocabulary is chan ged
The system may be retrained for a single word , multiple words , or the complete
vocabul ary at any time in order to accommodate vocabulary word substitutions
or temporary changes in an operator ’s speech characteristics which may result
from colds or other respiratory ailments.

In the recognition mode , response time to the spoken words is virtuall y in-
stan taneous and recognition outputs can he printed using the Teletype or vis-
ually observed on a display . Forced decisions can he made or “no decision”
threshold criteria can be established , thereby requiring the speaker to repeat
his utterance before a word decision is made .

Specification for the VIP- 100 are given in Table B-i. The system will
operate to speci fication s in machine noise backgrounds as high as 85-90 dB.
A var ie ty  of option s are avai lable  depending upon the system application re-
qui rements.

B— 1

— 
-



lahie B-i

VIP- l00 SPECIFICATIONS

Vocabulary - tip to 32 discrete words or short phrases

Training - On-l ine  or o f f - l i n e .  Tra in ing  less than 10 seconds per word.
Paper tape input/output of speakers ’ training data.

Operation - Response time less than 0.1 seconds . Minimum spacing between
words 0.1-0 .2 seconds . Storage of multi-speaker training data.

Output - Digital encoded output. Visual display of recognition results .
Hard copy teletyrpe printout .

Physical - basic Hardware : Power 115 VAC , single phase , 00 U z , 500 watts ,
weight 120 powids, size 18 x 20 x 26 inches . Standard ASI-1 33
Teletype. Standard visual display .

Option s - Vocabulary expandable to 100 words . Iclephone interface.
Output : Voice response , hard copy , special visual display ,
special purpose control, processing , statistical computations ,
custom output interfacing. Custom turnkey system desi gn.
Off-line loading of training data. Hardware rack mountable. 
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Appendix C

DESCRIPTION OF GRAF PEN SONIC DIGITIZER

The Graf Pen GP-3 Sonic Digitizer is a product of Science Accessories
Corporation , 970 Kings Highway West , Southport , Connecticut 06490. The sys-
tem employed in this experiment included the basic GP-3 control unit , a
standard ball-point stylus , a pair of point sensor microphones , and an inter-
face board for a Data General Nova minicomputer. The general specifications
for the Graf Pen GP-3 are given in Table C-i.
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T able C-i

GE N ER AL S PL C I H C A T I O NS FOR GRA F PEN GP-3

Resolution
for English units 0.01 inch

Data Rate Variable UI) to 1-10 points per second for 14-inch sensors ,
decreases slightly with longer sensors .

Reproducibility 3.1% of full scale or least significan t bit , wh ichever
is greater.

Digital Output s
Registers X and \ (up to 13-hit) binary or 4-d ig it BC!) , wi t h

stanuard Ti]. buffers (also line drivers and open
collector buffers ivailahle) .

Output Ready Ground-going pul se
Pen Control Ground when ;tvlus is in contact with display surface

Controls (on front panel)
Powe r On/ of f
Rate oordinate- ; t ~ r rate selectable up to 141) points a second
Modes Point , 1in~ , tau t and remote
Left Hand/Right Hand et ~y push-pull operation of “rate” knob .

Indicators (On fron t panel )
X and Y displays (optional) wo groups of four or five digits
Power On
Left Han d •I ~~ it

~t v Ius  outside sensor area 

‘~onnect~t i
Front [and For s 1v 1u ~ or  cu r s o r  cable
Back pane ~ot~o t  co~u c~ ~ ar  I or X da t a and Y dat a , X and ‘

~ register
o v e rf l ow- , ou tpu t - r eady  (program i n t e r r u p t ) ,  pen contro l
( a x i s )  . esteri~al reset , and sensors

F~d~ let standard) . . . . iJs~ . ~I area 14’’ x 14’’ (other si LCS o v a  i lable , clear or
fro-ted a -re lic or  pheno lic—surf aced hardboard.

( ‘ 2 
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Appendi x 1)

DESCRIPTION OF STC MODE L 200 VOICE GENERATOR

The STC Model 200 Voice Generator is a product of Speech Technology Cor-
poration, 631 Wilshire Boulevard , Santa Monica , California 90401. The capa-
bilit ies of the Model 200 have been achieved by combining a high-quality, small
inexpensive , solid-state voice synthesizer with hi ghly compressed digital vo-
cabularies which are programmed into read-only memories (ROMs) within the
voice generator. This data compression allows 30 to 40 spoken words (30
seconds of continuous speech) to be stored in four standard 8K ROMs . The ROMs
are interfaced with  se l f -conta ined logic c i rcui t ry  to select any message in
the vocabulary - whether it is a word , a phrase , or a sentence - from short
binary-coded input signals. Space is provided in the Model 200 for additional
vocabulary storage - up to a total of 200 to 250 words or two minutes of
speech.

The voice generator contains its own power supply and has two indepen-
dent voice si gnal outputs.  One output is at standard telephone-line level ,
and the other is at 0.5 watts into 8-ohm speaker load. A limited amount of
DC power is also furnished for external TTL , MOS , and CMOS control circuits.

The specifications for the Model 200 voice generator are given in Table
D- 1.
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Table 0—I

SPECIFICAT I ONS FOR STC MODEL 200 VOICE GENERATOR

Mechanical - Size : 6 .2  x 2.0 x 10.5 inches , exclusive of mounting feet and
panel projections - panel size is 6.2  x 2.0 inches
Weight : 7.0 lbs. (15 lbs . shipping weight).

Environment- 00 to 40° C operating, -50~ to + 1000 C storage, 0 to 90%
operating re l ative humidity, non-condensing.

Powe r - ll5V ~ 10% , 50 to 400 Hz, 15 W maximum

Signal
Connections- (DBM-25S connector Data signals TTL compatible)

The Model 200 Voice Generator is shipped with:

Desk-top, 8- ohm loudspeaker
Speak er connection cord

• Power cord
DBM-2 5P signal connector

• Refe rence manual

1)— 2
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MISSION
S qi

Rome Air Development Center

RAX plans and conducts research, exploratory and advanced
develo~~ient programs in command, control, and coni’nunications
(C3) activities, and in the C3 areas of inf ormation sciences
and intelligence. The principal technical mission areas
are cozranunications, electromagnetic guidance and control ,
surveillance of ground and aerospace objects, intaJligance
data collection and handling, information system technology, ~,
ionospheric propagation, solid state sciences , microwave
physics and electronic reliability, maintainability and
com patibility.
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